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SPACECRAFTAND GROUND SUPPORT

EQUIPMENT (GSE) CONFIGURATION PANEL

A. TASK ASSIGNMENT

The Apollo 204. Review Board established the Spacecraft and Ground Support Equipment (GSE)

Configuration. Panel 1. Tile task assigned for aeconlplishluent by Panel l. was prescribed as follows:

Establish and document physical configuration of spacecraft and GSE immediately prior to

and during fire accident including eqktipment configuration, switch position, and nonflight items

in cockpit. By deviation, document configuratiml differences with respect to expected launch con

figuration and configurations used in previous testing, (altitude chamber, _'or example), as perti-

nent to this problem. To a lower level of detail, docmncnt configurational difference between the

spacecraft and other spacecraft as pcrtiment to this problenl.
In response to the task assignnwnt, the Panel Chairman presented for Board approval a Statement

of Work which further described the individual elements of the task. The Statemeut of Work defined

the term, "'Spacecraft and GSF Cortfiguration", as: "'The physical state of the Spacecraft and/or

supporting systems, including components, ground equipment, facilities, and their interfacc_ at a specified

point in time."

B. PANEL ORGANIZATION

l..k 11'_MBt',RSII lP:

The assigned task was acmmplished by the following members of the Spacecraft and Ground Sup

port Equiprnent ((;SE) Configuration t"atle1:

Mr. Jesse F. Goree, Jr., Chalit'ltl;ttl, ,\latllled Spacecraft (._¥11ter (.klSC], NASA
.klr. ('.harles 1). Gay, Ke,medy Space Center (KSC), NASA

,\h'. Carroll R. Rouse, Kennedy Space Center(KS(-:), NASA

Mr. Charles R. l laines, Manned Spacecraft Center (.klSC), N.\,qA

,Xh-. Ronahl V. ,Xlurad, NASA l leadquartevs, ()ffice of Manned Space l:light
Mr. William F. Edson, North Anlerican .\viation, Inc., Kennedy Space Center (KS(')

Sir. Ray F. Imrson, North :\merican .\viation, Inc., Ke:lnedy Space Center (I,¢,'¢,C)

2. COGNIZANT Bt).\RD MI',MBER.

.kit'. ,]ohn ,J. Willianls, Kennedy Space (:enter (KS(:), N,\,%.\, Board Xh'nlber, was assigned to

lllOllitor tile Spacecraft and (;l'Oktlld SIllal.lOt't l"quipment (G.%1")tkmfiguratioa Panel.

C.PROCEEDINGS

1. I NV ESI'IG.XT IVI" .\1'PI_,( ).\(:I 1

l.]nciost.res 1-1. ! _. ;tnd 1 3 arc getwra[ representations el tilt" ,%pacccr,d't, I,aunch Vehich" and

J,,mnch (h.llllph':_.. ,tilt1 tire p"ovided to aid the discussions contained lit this set:tl.oll. "1"Ills Panel pttr.

sued the investigation in temls of exceptions to the required lau:wh configuration For this purD)se,

tile required launch configuration v..a,¢ defined as that dOCtltllellted by engineering data approved Ire-

leased) for inlplelztentatiotl ldentiflc,ttiol_ of tile configuratmn differences existing .it the tittle of tile

accident _.,,,ts accolnplished through re'vie,.,, of wt_rk records ag,unst rcleas,'d ertgineeriug data. l'ht_e

diftt'rellces _,erc .|lhllyi:ed It) identify itetlls pprlittcnt It) tilt' accident. This approaclt did tun COltStitttte

prest|tllptiotts ,I._ to tilt' .tdeqtt.tcy of the dtwllltlellted I,tuncJl COll[igttr,ltiotl. l,l,tthrr, these tiara _.,.ere con-

sldered to represent tilt' ellgincerhlg effort .ICCCqllplisbed during the th"aign t_f the ,_|hlcecr;tft and pro-
vtded a baseline for comp,trative an.d_.scs ['he ,%p.tcecra[t ,tnd mp|_ortiug sy.qetn,_ ,,_.err identified ,icctn'd

trig to the tlhtjor hardware eh'thelltS to pt'rnlit thscrete cunsideratitm of each eJenlent relative to th¢"

.It't'|tlellt .k[,tlur ]hird_,'.,lrc eh'lltellts t_t'rt'
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a. Spacecraft (S/C) -

(1) Command Module (C/M)interior

(2) General configuration of the Command Module, Service Module (S/.M), andAdapterb. Spacecraft/Launch Vehicle

(1) Spacec raft / Launch Vehicle

(2) Spacecraft/ground system
c. Ground system -

(I) Spacecraft Ground Support Equipflmnt (GSE)
(2) Supporting facilities

(3) Remote monitoriug and control eq.uipment, including Acceptance Checkout Equipment

(ACE), the Operational Inter-Communications System (OIS), and other Radio Frcquency (RF) com-
mand. record, or attdio links.

Configurations of the hardware elements were defined as of the time immediately prior to and

following the accident on January 27, 1967. The tinte of the accident is described as occurring during

ti_e perforntance of Operational Checkout Procedure (OCP) FO.K4R)9I.I, "Space Vehicle Plugs Out

Integrated Test", at the condition of a countdown hold ten minutc,s (T-10) prior to simulated launch.

The term, "'Plugs Out", refers to disconnection of spacecraft/GSF umbilicals. The C/M interior was

pressurized with oxygen to approxintately sixteen pounds pet" square inch absolute, (psia) during the

Space \'chicle Plugs Out Intcgrated Test. Relevant Spacecraft 012 coiffiguration diffi'rences existing at

the time of the accident were also documented with respect to launch, previous Spacecr_fft 012 tests,

and the test configuration of another Apollo spacecraft. Documentation of the first of these cases was

accotnpli,died as an integral part of defining the configuration immediately prior to ahd f:q!._wing the
accident. The following conditions were used as the basts for the latter two cases':

a. Spacecraft 012 cotffigt, ration during Plugs-In Test at "I'-10 (hola), ,]a,ma D. 25, 1967. This test

represents the kist operation of Spacecraft I)12 systems prior to start of the Space Vehicle Plugs(.)tit Integrated Test.

b. Spacecraft 012 cotffiguration dl.iring .khitudc Chamber Test at T-10 lllintltes (h '_.i}, December

29, 1966. l)uring this test, the spacecraft exterior was exposed to partial vacuum to sitttulate high

altitude operation. The C',M interior was prt:s_urized with oxygen to approximately '_; psia during

final preparations fl)r altitude siinulation. Following chamber evacuation, the C. M interior pressure

,,va_ ,naintained at apl),-oximately five and one-half psi,t. "l'hi.; test was sitnilar to the Space Ve-
hicle Plugs ()tit Integr,lted l'est in terms of exp,,sure to ,ttl oxygen envirotnnent.

c. Spacecr,ift 008 configuration during Altitude Chanfl_er "Vest No. 3 at the Manned Space.

craft (k'ttter, October 2b, 1966. l'his test also involved exposure to an oxygen cnvironnwnt. Differ-

ene¢..s in test configuration het_vecn .%pacecraft (112 and Spacecraft 008 were identified to determine
possible relevant\, to the SpAcecraft 1112 accident.

The scope of this Panel's ,tctivitics- in docunwnting the eonfigurat on ,ff the l:ardssare eleillt'iits
ts schematically reprt.'sented in Enclosttre 1-4.

Initial efforts _ere those of tontpiling ,ill data to ide,uify cotlfigt,r,ttion ditferentes existing

,it thc time of the ac,'ide, tt. While COlnpiling these d.lta, the Panel _as c,l[led nptltt "o stipply speci-

fic vonfiguration d,tta to other .-\pollo :2(bl Review Board Pai,els. :X total of 3.i special repotta

were prepared iu resp_mse to these requests. ]'fits., cotffigur,ttion data ,ire inchtded in this report

to the extent pertinent to the accident. After a.s,sembling the necessary source inti,rnt,ttion, the data

_ele coil,tied according to hardw,u-c elements and co,lditions depicted in Enclosure 1-4. l)at,t ele-

inciit,_ org,iitized in this itianiier periilitted conipar.ttive aitialvses t'l-Otll which significant diflerence_
co\lid then tit. identified. ' <

2 I'RI.L'qiNT.\I'ItIS ill." I).\IA.

i),tt.I ,i_ettlbled during the ctltirse tic tht,i invi'stig,it lt_ are ,'luilini.irizcd tit the [oilt_.,..,,ng l_ar,lgt,apht
accordtilg ttl the specific Collditi011s ,llld h,irdt_.iro eh'lllelltS ctin_idered.

,i [.,uinth {kuifigur,itiOli Ihe ieiluiretl laliilch ¢oti|igliralitln _lt' ,Ntl,lcecr.ll 1 012 awl it_ ,Siitlporiiiil (
_Vlleili_ if idenlitietl hv ll.i,.ll, dil_tiirli,iilalion lhi, dUt'lilitf'nlAtitili i_ di's<ribc_l ,il IL,II_ ,..i.

i
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(1`)Spacecraft.Releasedengineeringdrawingslisted in tile "Spacecraft012Configuration
Index", January 29, 1967. The individual component parts are identified, by part number, in,

"Spacecraft 012 Indentured Parts List",.January 28, 1967. Note: Configuration lndex and Identured

Parts List arc computer tabulations, for which input data.was updated, cominuously prior to the

accidem. !'hese data were retrieved on tlle dates iudicated.

(2) Spacecraft hxterfact._. !nterfaccs- [)ctvveen the Spacecraft and Launch Vehicle are defined

by applicable htterface Control Drawings (ICD's):

(a) "Instrument Unit to Spacecraft Physical t",eqttirements, ICD 13M20.I08."

(b) +'Instrument llttit to Spacerraft t.uuar .Mtxhtlc Adapter (S1.A) l'lectrical Interface (S/C

012_,, I¢.'D .IOM37508A."

Slmcecraft-to-ground system :n!,_'rfacc connections were specified in the "'Launch Complex 3,4

Checklist, OCP F(.)- K-10011,'" and inxplcmentcd in accordance with the "'GSE Functional Inte-

grated System Schematics.'" Physical provisions for these connections ;ire defined by detailed space-

craft and CSE drawings. The spacecraft-to-launch vehicle and spacecraft-to-ground system int?r-

facts are depicted in Enclosure 19, Drawing 1-1)-00,r,6-2.

(3") Ground System. The required configuratiota of the spacecraft GSE is prescribed It,, the

GSE Ftmctiota::l lmegrated System Schematics." according to the particular checkout or servicing

operation to be performed. "Operational Checkout Procedure, OCP FO-K-0007,'" pro'scribes the

:'equence of launch operations, refcrri'._g to the "" l.aunch Complex 34 Checklist. OCP FO-K-ltX)I 1,"

for detailed GSE cotmections, operations, :tad disconnections. The checklist provides only a narrative

statement of the oper::tions: therefore, it mr, st bc used in conjunction with the "GSE Functional

Integrated System Schematics." Ba._w d,._ign interfacc.s between the spacecrMt GSE, supporting

facilities, and ten'tote tuonitoring aud ,'ontrol tquiptncnt are defined in numerous ICD's (Reference

1-8). Configuration requircnwnts of these ICl_'s are reflected in released engineering data.

b. Required "Fes't Configuration. C.t.rtain of the released engineering orders tEe's`) specify that

they are to be accotuplished prior to a test which follows the Space Vehicle Plugs Out Intega'ated

'l'est; for example. Flight Readiness Test (FR'i")or ('oumdox_n. t lowevcr, explicit dcfinitiot, of total

spacecraft configuratiotx requirement'_ for the Space \'chicle Plugs Outs Integrated Test did not exist

in the fonu of released cngineeritx,: data. The Opt ratiotml Checkout Procedure for tl,.e Space Vehicle

Ph,gs ( )tit lmegratcd Test. ()CP I:('I-K 11021-1, specified the fuuctioual configurations pr_cribed for

the tes't, l'hesc functional cot_figt, ratiotx requirements include those items required to be different

from the l,rttxch cot\figuration to penuit accomplishment of the simulated launch less :.he physical

evettt. Both the engit_ecritxg data _.llld tile test docutnent,ttion leave definition of the required test

cotfl'iguration to infcrct'tce as opposed to explit'it specifications.

The test operatiou involved a procedure wherein all work t_ot :lccomplished to meet launch

reqt, iremettts _as reviewed to idemify those ._pen items which would constrain accomplishment

of the test. Therefore, the decision to proceed with tl_t- te's:t has been construed by this Panel to

mean that all recogl_t/,'d constraints were s,ttt_fied,'l'his aspect of configuration req',tirements was

considered in ctx_pcratiotl with Test Ptoccdurcs Revit'w P;mcl. 7, and is discussed furthe," in ,.\p-

pendix I)-7

itctus reqttired to I)e difl2"retxt rrotu the l,ttmch configuration for reast)t_s of test conditions attd

pr()cedttres .are sutuu_,trized itl the ft)ll,)wiug p,u'agraphs.

1_ Spacecraft. Spacecraft ctmfigur,ltiot_ differetlcrs authorized by I)t:P Ft)-K tR)21-1 atxd en-

gineering orders (E()'s) tt)r the ."ip.to' Vehicle Plugs t)ut Integrated 'i'cst were as follows:

ia) ()pert 'tcct._ p,ulels at) pertnit (_1_ cent,cottons.

(b) Expetltidbles tier on I_oard to prcchtde ttntlccessar_' cxl_osure of svstttns to cotltamina-

alert t)r hazards to operation.

(t-} Fuel cells tier activated to prechtde pitrtial tcdt|t tton el u.,.,t'ftll hft'.

Itl} Electric,d ctrcttit'_ r, pvroteclmic device,_ ittterrupted .arid shorting plugs installrd to

pre';ent .tctttal firing during sitnulated nt;ssiotl sequence.

tr_ 14t_st I'rotective (_ovcr installatitu_ not completed to permit acccs.'s ttl I,;Sl._ nmnectiotm.

_1_ _,hrcttits I'rotu S ,M b.tttetic,_ t,_ _ Xl jettison romrollt'r itaterrttpted, l'hi_ _v,ts to prevent

.l_° 1-7



continuous applica:'.on; of voltage to Reaction Control System (RCS)jet solenoids (simulated

by load boxes) foll_u ing simulated-Service Module/Command Module separatie.n.
(g) Installation of test batteries (flight type) to preclude power drain from units assigned

(by serial number) fo, :he actual mission.
(h) Those items pecifically required to be accomplished as of .a planned test subsequent to

the Spzce Vehicle Plugs Out Integrated Test. These items are specified by Engineering Or-

ders v,hich are identified as open EO's (See Reference 1-10).

(2) Spacecraft Interfaces. Differences required for.the test operations were:
(a) Facility air suk01y through C/M access panel to the space.between pressure vessel and

heat shield to provide humidity control.
(b) Connectioq ott ..-ound-supplied oxygen in absence of on- board supplies.

(e) Special umbiiicat interface for water/glycol circulation to prevent disconnection at time

of umbilical separation in planned mission sequence.
(d) C_:nnection of isolated power supply to maintain water/glycol return valve in open

position (to continue external conditioning) following planned umbilical separation.
(e) Conlxections for GSE battery rack to be used as fuel cell substitute following planned

simulated ttaasfer to internal power.

(f) Special interfaces for S/C antennas ,o provide RF link to ground system.

(g) Concection of RCS load boxes (simulators) to permit testing of flight controls, yet

preclude ex'. cising RCS jet solenoids.
(h) I,:stallation of fuse boxes in the electrical interface between the spacecraft and the

launch v°hicle ".o protect computers in the Instrument Unit from any adverse condition0 dur-

ing the test
(3) Ground System. The required ground system configuration differences from the launch con-

figuration were those required in support of the interfaces described in paragraph B.3.b(2). The

ground system and interlace configurations are depicted in the following drawings of Enclosure

1-9.
qITLE NUMBER

S,'C / Range/Launch V eh icle 1-D-0056-3

Interfaces, "F-I0, OCP

FO-K-002I-1

S / C,' GSE Configuration

during T-IO ttold, OCP
FO-K-0021-1, Electrical

1-D-0056-4

Launch Complex 34 (LC 34)
I.;CS Airduct

l-D-0056-7

S, C, GSE Configuration

during T-10 ttold, OCP
FO-K-0021-1, Mechanical

1-D-0056-8

c. Configuration at Time of Accident
Data prescribing the configuration at the time of the accident were obtained from configuration

management records as supplied by Panel 6 (Ilistorical Data). w;tness reports, and special reports

submitted by other organizations. Pertinent information containec' in special reports prepared after
the aceidem was verified by this Panel. Panel 1 also prepared documentation of configuration

elements based upon post.accident inspection in those cases wher complete data were not other-
wise available. These data are discussed i, the following paragraphs.

( 1 ) Spacecraft.
(a_ l)ocumentation: Difi'ercnces betw'zen the launch config_, uion and the configuration at

the time of the accident arc documented by the following:

1. "'Spacecraft O12 Configuration Verification Record 'CVRL" ,]anuars" 28, 1967.

D-1-8



This document identifies the work status of all released EO's effective on Spacocraft 012

which were not accomplished at time of receipt at KSC or were released subsequently.

The CVR is a computer tabulation of data inputs as of the start of Space V.ehiele Plugs

Out Integrated Test which was retrieved on the date ipdicated. Enclosure i-5 is a graph-

ical representation of cumulative EO releases and work status subsequent to delivery of

Spacecraft 012. While verifying this document, Panel 1 identified several EO's pm'tially

accomplished at the time of the accident, These EO's are listed in Reference 1-12. Also,

twenty-two EO's listed in Reference 1-t3, were released subsequent to closeout of the CVR,
andwere not accomplished as of the time of the acodent. A summary listing of all EO's

open at the time of the accident was prepared by the. Panel and is contained in Reference
1-10. This listing includes those released for incorporation through normal work schedules

as well as those constrained for incorporation at" a time subsequent to the Space Vehicle

Plugs Out Integrated Test.

2. "'Spacecraft 012 Test and Acceptance Inspection Report (TAIR)." This document
consists of several volumes (or books)with entries for each work item intiated on the Space-

craft. Entries reflect the part affected, authorizing documents, entry date, closeout date,

quality control inspection stamps. Entries pertinent to this Panel's investigation are those
of "'Parts Installation and Removal Records (PIRR's)," and "Temporary Installation

Records (TIR's)." "Discrepancy Reports/Material Review (DR/'MR)" actions, Type A

"Test Preparation Sheets (TPS's)" and OCP requirements authorize work on the Space-
craft. The PIRR is used to record any work against a previously installed and accepted

part or the installation of a new part; for example, removal of a part for rework, removal

of a part for access, disconnection ot mated connectors, etc. The TIR is used to record

temporary installations which must be removed to me,_t requirements of the launch con-

figuration. Entries in either of these records constitute open items until such time as the

affected part is returned to the launch configuration and. verified by quality control in-

spection. DR/MR actions result from discrepancy reports which are dispositioned for

correction by minor form or fit changes under authority of the Materials Review Board.

Type "'A'" TPS's authorize work to be accomplished on the Spacecraft in conformance
with released EO's. PIRR's and TIR's reflect TPS, DR/MR, or OCP authority. PIRR's

and TIR's open at the time of the accident were reviewed by the Panel and are listed

ira Reference 1-10.

3. "Spacecraft 012 Controls Configuration" (switch and valve posit,;ons). This docu-

ment was prepared by Panel 1 and is provided as Reference 1-15. Data presented in this
document relative to tt,e controls configuration before the accident were obtained fiom the

accomplished parts of the O('P. The document also contains comparisons of contro'_ config-

urations at other specified times.
4. "Crew Compartmcnt Stowage and I,oosc Equipment Configuration. _' Data contained

in Enclo._ute 1-8 werc compiled from Refercm'c l-IlL 1-17 and 1-18. This enclosure identi-

ties the stowed equipment and materials that were in the Spacecraft at the time of the

accident. This information was used to configure a mockup of the C:.'xl :o portray the

configuratiotl of Spacecraft 012 immediately prior to the accident. Enclosure 1-6 is a

photograph of this mockup, less crew couches. Enclosure 1-7 is a picture of the mockup
with couches and umbilicals in, tailed. The mockup was used by Panel 5 (Origin and

Propagation of Fire) to study possible fire propagation paths.
(b) Data .Synopsis: Review of the data discussed previously reveals zhat 80 EO's were out-

standing at the time of the test. ()f thc_c, 20 wcrc specified to be accomplished subsequent

to the Space Vehicle Plugs ()ut Integrated l'est and four were of a nature net affecting con-

figuration. .\ total of 384 PIRR's .TIR's were open, of which 125 were initiated as require-
ments of the test The remaining 2."_tl items reflect incomplete status of further work to have

been accomplished ,riot to launch. ()pen items represented by these figur,-'s wcrc identified

through reconciliatt, ' configur,_tion records _-ith witneas reports and results of post-accident

impection. Procedure: _r T,kIR entries required that removal of a part be documented by
PIRI_,, attd that it_l'al.ltiotl of a temporary rcpl,lccu_ent I_c entered on a TIR. In some in-

D-1.9



stances,thisresultedin twoentriesagainstasinglechangeaction.Manyof thePIRR's/TIR's
werenot relevantasthey affecteditemssuchasServiceModuleaccesspanelsor protective
coverson externalcomponents,Significantitemscontainedin thereferenceddataare identified
in two categories:Significantconfigurationitems,and itemswhichmayhaverelevanceto
flamepropagation.Theseitemsarepresentedbelow..

1.SignificantConfigurationItems
a.Investigationof the releasedengineeringand workordersfor the installation

of new.debris traps has shown that this work was. only partially complete. Engin-

eering Order No. 582252 released the debris trap modification kit. Thismodification

provides for the replacement of the fish-net type of debris traps with Raschel.net

debris, traps. All old-type debris traps were removed. Eleven (11) of twenty-five (25)

new debris traps were iitstalled prior to start of test. This replacement was docu-

mented on the author:zing TPS.
b. Flight items installed in other than normal configurations:

(1) Two 16-ram sequencL, cameras and, a camera power cable were stowed

loose on the floor of the gas chromatograph installation area.. The normal stow-

age position of these items is one camera with cable in Scientific Compartment
"A" and one camera in Scientific Compartment "G."

(2) A Dew Point Hygrometer Sensor_ sensor cable, power cable, and control

unit, were stowed loose on the floor of the gas chromatograph installation area.

The normal stowage position of these items is scientific compartment "D."

(3) The drinking water dispenser was not connected to the hose.

c. The Spacecraft controls configuration which existed at the time of the accident

was in accordance with the planned procedure specified in Operational Checkout

Procedure FO-K-0021-1 with the following exceptions:

(1) The crewmen's audio center communications controls configuration which
existed at the time of the accident differed from the planned procedure due to

the troubleshooting of the communications systems during the tests. The exact

configuration of these controls at the time of the accident cannot be determined.
The configuration as found after the accident would have permitted all three

crewmen to have two-way communication both within the Spacecraft and to the

ground.

(2) The switch labeled "VHF ANTENNA" (Very tligh Frequency Antenna

Selector Switch) was specified to be in the "UPPER" position, but was changed

to "LOUVER" per ground personnel request during the communication trouble-

shooting. This action switched the active VHF antennas.
(3) The switch labeled "S-BAND ANTENNA" (S-Band Antenna Selector

Switch) was specified to be in the "'UPPER" position, but was changed to

"LOWER" per ground personnel request during the communications trouble-

shooting. This action switched the active S-Band antennas.
(4) The switch labeled "tt20 ACCUM AUTO/MAN/AUTO" (Water Ac-

cumulator Mode Selector Switch) was specified to be in the "MAN" (Manual)

position, but was changed to "'AUTO" (Automatic) during the test per flight

crew request. In tile "AUTO" position, the cyclic accumulator is actuated auto-

matically every ten minutes to remove moisture from the suit loop gases. In the

"MAN" position, the cyclic accumulators must be cycled by the crew using the

switch labeled "1t20 ACCUM/ON/OFF/ON" (Manual On-Off Switch)as re-

quired.
(5) The switch labeled "'AC INVERTER 2 MNB/OFF" (Inverter Number

2 Power Switch) was specified to be in the "'OFF" povition, but was changed
to "'MNB" (Main Bus B) by recorded deviation to the OCP during the test.

"MNB" _s the correct position, supplying the Main Bus B power to Inverter
No. 2.

d. Earth l.anding Sy.,stem sequencc cover panel assembly in ri,_ht* hand equipment
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bay removed on January 23, 1967. Removed per OCP FO-K- 10011 deviation No.
25 for purpose of connecting Acceptance Checkout Equipment (ACE) connectors.

(ACE removed prior to Space Vehicle Plugs Out Integrated Test).
e. Cover on connector on Guidance and Navigation (G&N)computer removed

to facilitate installation of 100 series test connector cover which was installed for

testing purposes and would be removed before flight.
f. Ten connector caps on Power Ser_o Assembly (PSA)trays. were removed on

December 30, 1966.

g. Translation Controller ME901-0171-0204, S/N EAC 1024, installed on left-
hand couch, left-hand side on January 24, 1967. Authorization for installation was.

per Test Preparation Sheet S/C 566 Step No. 3. Controller was installed to support
OCP FO-I_- 0006 (Plugs In Test) and OCP FO-K-0021-1.

h. Rotational Controller, ME901-0172"0204, S/N DAK 1034, installed in left-

hand couch, right-hand side on January 24, 1967, Authorization for installation

was per Test Preparation Sheet S/C 566 Step No. 4. Controller was installed to

support OCP FO-K-0006 and OCP FO-K-0021-1.
i. Carbon dioxide absorber elements ME901-0218-0001, S/N 24172 and 24171,

installed on January 27, 1967, as specified in OCP FO-K-10011 deviation No. 140.
Absorber elements are a different configuration than the flight articles (ME901-0218-

0001 as compared with -0021-1). Elements installed for Space Vehicle Plugs Out In-

tegrated Test did not have by pass provisions and were enclosed in a glass fiber shell

as opposed to aluminum.
j. Pyro Panel (No. 150) was temporarily installed prior to the Plugs In Test,

(OCP FO-K-0006). Panel was not fully installed and was recorded as a temporary
installation. The panel was out approximately 5 to 6 inches from lower equipment

bay panel line and was located on aft bulkhead.
k. Engineering Order (EO 507283) released the requirements for replacing the

electrical bonding straps for couches with a strap that is less susceptible to damage.
Two of four existing straps were removed on Parts Installation Removal Records.

New electrical bond straps (P/N MS 25083-3BB8 and MS 25083-2BB8) were to be

installed by TPS-SC 012-SC-535, which was not accomplished prior to the Space

Vehicle Plugs Out Integrated Test.
1. Gas Chromatograph (P/N R534845-2-A, Serial Number 5) was removed on

December 30, 1966. Replacement of gas chromatograph was not a constraint to the

conduct of Space Vehicle Plugs Out Integrated Test or Plugs In Test. The power
and sensor connector for the chromatograph had voltage present, and was placed on

the shelf of the gas chromatograph compartment. (See Appendix B, Witness Statement

No. 44).
m. The Data Storage Electronic Assembly (DSEA) Recorder (P/N LSC-360-12,

Serial Number 104) was temporarily installed January 27, 1967. Installation was made

in accordance with Test Preparation Sheet (TPS SC 012 583, Step 1P). The temp-

orary installation of the DSEA Recorder was accomplished to provide a flight con-

figuration for the Space Vehicle Plugs Out Integrated Test. The power connector to
the DSEA was energized during the test. Post-test investigation revealed that the

power connector was not hooked up.

2. Items Which May have Relevance to Flame Propagation

a. Engineering Order, (EO 226756) released at the Contractor's Downey facility

on January 20, 1967, provided direction to inspect the polyurethane foam (Specifi-
cation MB0130-039) in specified areas and coat with silicone rubber, (Type II, Speci-

fication MB0130-019) to meet flammability requirements. This direction was not

recorded in the CVR as of start of Space Vehicle Plugs Out Integrated Test (issued

at Contractor's Florida Facility on January 27, 1967,) and was not accomplishfd on

S/C 012. This item is of possible significance in terms of fuel for the fire and as a

medium for flame propagation.
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b. Polyethylene bags were used to cover the bose fitting for the drinking water

dispenser and the battery instrumentation cable and connectors (2) and,transducer,
which were placed on the aft bulkhead near the batteries. These bags are nonflight

materials.
c. Two Polyurethane pads, approximately 20 x 24 x 2 inches, covered with Velo-

stat, were stowed over the Z-Z couch struts. The pads were placed in the Spacecraft

to.protect the.struts, wiring, and aft bulkhead during the planned emergency egress .
at the end of the test. (See Appendix B, Witness Statement Number 3). These items

were nonflight .materials and were not documented by quality inspection records.

d. Three wckages of switching checklists from Operationa I- Checkout-Procedure

FO K-0021-1 (multilith process) and one package of system malfunction procedure_

(Xerox and Bruning processes), in a. manila folder were stowed on the crew couches

and on the girth shelf. These items were on unqualified paper. While required for

the test, these items were not ducumented by quality inspection records.

e. Nylon protective sleeves were covering all three crewmen's oxygen umbilicals.

These were nonflight items.
f. Three GSE window covers were temporarily installed. Covers were installed

to protect the windows and a,'e nonflight items that were in tbe Command Module
(C/M) at the time of the accident. Another such cover for the side hatch window

was removed by the crew and stowed inside the C/M. Covers are nylon fabric where

the flight covers are made of aluminized Mylar.

g. Velcro pile MFL-I'-21840A installed to protect Velcro hook on C/M floor.
Would have been removed before flight.

h. "Remove before flight" streamers installed in C/M interior. Represents addit-

ional nonflight items in C/M.
i. Polyethylene zipper tubing installed to protect hand controller cables. Poly-

ethylene tubing cover is a nonflight item and represents additional material in the

C/M.

(2) Spacecraft Interfaces
(a) Documentation: Configuration of Spacecraft interfaces at the time of the accident is

defined by the documentation described below:
1. Spacecraft/Launch Vehicle (SC/LV) interfaces are depicted in Enclosure 1-9, Draw-

1-D-0056-3. Also, details of the SC/LV electrical interface functions are defined in Ref-
erence 1-19. These data are based upon review of ICD's 40M37508A, 13M20408, changes

thereto, and visual inspection to the extent possible.

2. Spacecraft/Ground System interfaces are represented schematically in Enclosure 1-9,
Drawings 1-D-0056-3, -4, -7', and -8. Also electrical cable connections and interface funct-

ions are identified in Reference 1-19,

(b) Data Synopsis:
Significant interface differences from the required launch configuration were as follows:
1. The fuel cell batte13, rack assembly (C14-395) was electrically mated to the con-

nectors from which fuel cells I and 3 would (in flight) supply direct current (DC) power

to the S/C busses. This was accomplished per Checklist FO-K-1011 and was required due

to the fact that the fuel cells were not operating in this test. Power was being supplied

through the flyaway umbilical from a ground power source. At T-0 minutes, the umbilical
would have been dropped to satisfy test requirements. At T-10 minutes, per the Test
Procedure, OCP FO-K-0021-1, bus power would have been transferred from external

GSE power to C14-395 battery power (Enclosure 1-9, Drawing 1-D-0056-4).
2. The Y00 - 085 cable and a power _upply were connected to the S, C water 'glycol drain

and vent shutoff valve S23L\'1 (Reference 1-D-0056-8). This valve must be held open

by a 28 VDC source in order to maintain water glycol circulation during ground testing.
During this test, the flyaway umbilical which normally carries tbe 28 VDC power is dis-
connected at T-0 minutes and, the valve would close if not separately powered.

3. The ground oxygen cO,2_ source was connected to the S'C. Oxygen to the Space-

_lk y
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craft was supplied (Reference Schematic 1-D-0056,8) from a bo','2e source through the 0 2

Test Set to the 0 2 valve box in the S/C. This particular configuration was being used for

the first time at LC 34.
4. A thermocouple was taped to the oxidizer "A" isolation valve and was connected

to a GSE meter. ,During this test, the propellant isolation valves were to be energized for

a period of approximately 15 minutes.. A technician was to monitor the valve temperature

during the.actuation time in the test.
5. Seven C/M RCS simulator cables were connected from the simulator boxes to the.

S/C. These cables were connected from the simulator,boxes to the RCS Control Boxes

through C/M access panels. Each of these cables ran beneath the Boost Protective Cover

(BPC) sections that had been .installed surrounding the S/C hatch. Post-test observation
indicates that the cable interference with the BPC bulged the installed sections of BPC

such that the hatch section of the BPC could not be installed properly.

(3) Ground System
(a} Documentation: The configuration of the ground system at the time of the accident is

described by the following:
1. Spacecraft GSE configurations existing at the time of the accident or used earlier

in the test are depicted in Enclosure 1-9, Drawings I-D-0056-1, -4, -5, -7, -8, and-9.

These drawings were prepared for Panel 1 based upon visual inspection and reference to
GSE Functional Integrated Schematics for internal detail. The individual GSE models

used during the test and change actions not accomplished arc tabulated in Reference 1-19.

2. Configuration of supporting facilities was documented by a report prepared by the
KSC Launch Facilities Division in support of this Panel's investigation. This report is

provided as Reference 1-20. Reference 1-21 is an inventory listing of miscellaneous items
found on the service structure platforms after the accident.

3. Configuration of remote monitoring and control equipments are briefly described
in Reference 1-20, Reference 1-22, prepared by this Panel, contains further data regarding

details of the configuration of the Acceptance Checkout Equipment (ACE), Operations
Intercommunications System (OIS), and the Mission Control Center, Houston. The overall

configuration of remote monitoring and control equipment at the time of the accident

is depicted in Enclosure 1-9, Drawing 1-D-(',956-3 The configuration of ACE is shown in
Enclosure 1-9, Drawing I-D-0060. OIS ,zonfiguration is shown in Drawing 1-D-0062.

(b} Data Synopsis: Significance of the ground system configuration is summarized as follows:
1. No further significance is attached to the Spacecraft GSE configuration beyond that

previously discussed under the heading "Spacecraft/Ground System Interfaces."
2. The configuration of supporting facilities within the scope of this Panel's investi-

gation is not represented as pertinent to the accident. The safety aspects of the facility

configuration were deferred to Panel 13 (Ground Emergency Provisions Review).
3. The remote monitoring and control equipment were configured according to pub-

lished requirements and operational procedures. Analyses of difficulties experienced in the
communications equipments, as mentioned in Reference 1-22, were referred to Panel 9

(Design Reviews).
d. Post.Accident Configuration

The damage caused by the fire in the Spacecraft is documented by the Apollo 204 Review

Board Photographic Files and by the work records of the disassembly accomplished by Panel 4

(Disassembly activities). Panel 1 considered those aspects of the post-accident configuration nece-

ssary to verify certain elements of the configuration existing at the time of the accident and to
identify changes in control configuration accomplished during the fire. The scope of these con-
siderations was limited to configuration chang-" actions accomplished during and immediately fol-

lowing the fire. Considerations were based upon photographs and visual inspection by members
of this Panel. The significant post-accident configuration differences are summarized as follows:

(1} The rotary switch lal:eled "'BMAG POWER" (Body-moanted attitude gyro power switch)

was found in the "OFF" position, whereas it should have been in the "'AC2 MNB'" (Alternating
Current Number 2 and Main Bus B/ position. A silhouette pointing to the "AC2 MNB" position
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indicates the ,,,vitch was moved to the "OFF" _osition after sooting occurred.

(2) Thirty-tlaree circuit breakers which were closed prior to the accident wc-,'e ;ot_.nd "OPEN."

The shafts exposed by the circuit breakers opening va, y from sooted to cleaL, giving some gross
determination of tile relative times at whici_ the different breakers opened (Reference 1-15).

(3) Two switches labeled "MAIN BUS TIE-BAT A & C and BAT B & C" (Battery A and

C tie to Main Bus A and Battery B and C tie *.o Main Bus B) apparently were changed, from

the "AUTO" to the "ON" positions by the crew after the fire was reported. This action placed

Spacecraft batteries A and. C in parallel onto Main Bus A and batteries B and C in parallel onto
Main Bus B; in addition to the ground power being supplied. This action was not a planned

procedure in event of rapid or emergency egre,_s. It could have been taken in an attempt to main-
tain communication or lighting since emergency procedures called for GSE power off.

(4) The Pad Emergency Egress Procedure specified in the Apollo Crew Abbreviated Checklist,

page 15-2 (including planned changes), called for: (a)Turning off the switches labeled "MASTER
EVENT SEQ CONT PYRO ARM I and -2," (Master Event Sequence Controller Pyrotechnic

Arming Switches); (b) "SM RCS PROPELLANT A, B, C, AND D," (Service Module Reaction

Control System Propellant Switches for Quads A, B, C and D); (c) Placing the CABIN RELIEF
VALVE TO "DUMP"; (d) Opening the four circuit b.:eakers labeled "MASTER EVENT SEQ
CONT ARM A BAT A, ARM B _AT B, LOGIC A BAT ¢\, and LOGIC B BAT B," (Master

Event Sequence Controller Pyrotechnic and Logic Arming Circuit Breakers). One of the circuit
breakers, "MASTER EVEN"!' SEQ ('ONT AR)f B BAT B" was found open. All the other con-

trois listed above are in the pre-accident configurations.

(5) The switch labeled "RCS INDICATGRS'" (Reaction Control S;,stem Indicators) was spec-
ified to be in the "'SM D'" position (Service Module Reaction Control System Quad D), but was

found in the "'S*I A" position. OCP FO-K-0021-1 did not specify the normal step of returning

this switch to the "'SM A" position after use (as specified in the Apollo Crew Abbreviated Check-

list and in previous Operational Check'_ut Procedures). The crew apparently did this in accordance
with the abbreviated checklist. This switch selects the i,qputs to the time-shared RCS displays on

Panel 12.

(6"_The switch labeled "TAPE RECORDER RECORD�PLAY" was found after the accident
to be in the "OFF" position (OCP FO-K-0021-1 specified "'RECORD"). There is no record of

the crew deviating from the OCP FO-K-0021-1 specified position. The Apollo Crew Abbreviated

Checklist specified "OFF" for this switch unti; immediately prior to launch. The switch might
have been set to "'OFF" per that procedure (without ground coordination) or knocked off inad-

vertently. The Tape Recorder (DSE) would not ,,t,erate in either switch position until enabled

by setting the switch labeled "'TAPE RECORDER FWD/REV" (Tape Recorder Forward/Reverse
Selector Switch) to the forward or reverse position (planned just prior to launch).

(7) The gas chromatograph power sensor connector was found on the aft bulkhead. This con-

nector was placed on the shelf of the chromatograph compartment at tinw of crew ingress.

e. Plugs-In Test Configuration
The Epacecraft 012 Plugs-ln 'Fest, OCI' FO-K 0006. was initiated at 4:00 a.m. EST, January

25, 1967, and was completed at 2:54 :_.m. ES'I', .January 26, 1967..,\side from test set-up, _ew

configuration changes were a,:complished between completion of Plugs-In Test and start of the

Space Vehicle Plugs Out Iv, tegrated Test at 7:00 a.m. EST, on January 27, 1967. Corffiguration
changes _,we identified from Parts Installation and Removal Records, Temporary Installation
Records, and Discrepancy Report ,Material Review dispositions. The configuration at the time of

the Plugs-In Test relative to thc Space \ chicle Plugs Out Integrated Test is summarized as follows:

(L) Spacecraft
Difference in the configuration of the Spacecraft at the time of the Plugs-In Test with

respect to the Space Vehicle Plugs ¢)ut Integrated Test are listed in Reference 1-10. Significant

differences were as follows:
(a) Boost Protective Cover (BP(:; and splice plate (10 pieces)installed for Space Vehicle

Plugs Out Integrated Test. The BI'(: was partially installed to accommodate the hatch BPC
which was necessary [_r the planned emergency egress exercise.

(b) .Main "'.\," ,Main "'B,'" _md the p_st-landing test batteries were not installed (used)

D-1-1,_



during the Plugs-In Test. Jettison controller batteries were used for each test, but were of a

differentserialnumber.

(c)Eleven protectivedust caps installedon pyrotechnic connectorsin the C/M subsequent

to Plugs-ln Test. Caps placed on non-mated connectors to provide protectionand prevent

shorting.
(d)The Inertial.Measurement Unit (IMU) heater shortingplug was temporarily installed

in tray 7 for the Space Vehicle Plugs Out IntegratedTest. This provides heater power from.

the S/C bus rather than from an externalsource.The installationof thisshortingplug rep-

resents,a configurationdifferencefrom the Plugs-ln Test; however, this.plughad been used

previouslyduring the Altitude Chamber Test (OCP FO-K-0034A). The "Launch" configur-

ationalsorequiresthatthisplug bc installed.

(e)Carbon dioxideabsorber elements,P/N ME 901-0128-0001,were installedfor the Space

Vehicle Plugs Out Integrated Test. These absorber elements were not flightconfiguration.

(f)The same three crewmen umbilical electricalcables (cobra cables)were used in the

Plugs-ln Test as were used in Space Vehicle Plugs Out IntegratedTest. However, two addit-
ional cobra cables were stowed on board for thistest,one of which was used by the Com-

mand Pilotduring partof the test.

(g)Noise-limiteradapters were attached to the cobra cablesfor the Space Vehicle Plugs

Out Integrated Test, but not used for Plugs-ln.They were check out in the Spacecraftbe-

tween the times of the two tests.

(h) An "'octopus cable," (Medical Data Acquisition System cable) was installed for the

Space Vehicle Plugs Out Integrated Test, but not used for Plugs-In Test.

(i) Flight crew equipment was not stowed for the Plugs-ln Test.

(2)Spacecraft Interfaces
Differences in the Spacecraft interface configurations between the Plugs In and Space

Vehicle Plugs Out Integrated Tests are identified in Reference 1-19. The significant differences

were:
Ca) Pyrotechnic Substitute Units were utilized during the Plugs In Test and were dls-

connected during the Space Vehicle Plugs Out Integrated Test in an attempt to provide bet-

ter S/C ground isolation.
(b) Fuel Cell Battery Substitute Unit was utilized during the Space Vehicle Plugs Out

Integrated Test. This unit is used to supply S/C bus internal power in :he absence of fuel

cell operation after the flyaway umbilical has been dropped.
(c) Protective Pressurization Unit was utilized to maintain a pad pressure on the Service

Propulsion System (SPS) tanks. This unit was disconnected during the Space Vehicle Plugs

Out Integrated Test in an attempt to maintain better ground isolation.

(d) BatteD" Substitute Unit was used during the Plugs In Test. This unit was utilized in
lieu of the S/C entry and post-landing batteries during that test.

(e) Water/glycol shutoff valve control cable and associated power supply was utilized during

the Space Yehicle Plugs Out Integrated Test. This requirement exists in order to hold the water/

glycol return shutoff valve o_en after flyaway umbilical ejection, such that continuous water-

glycol circulation may be main.ained.
(f) Conditioned air was supplied through the access arm White Room and the open Space-

craft hatch for the Plugs-ln Test, therefore not requiring external oxygen supply. An oxygen

test set was utilized during the Space Vehicle Plugs Out Integrated Test. Oxygen was supplied
from two K bottles through this unit to a facility valve box and then to the Spacecraft,

(g) GSE access connectors were connected to the Service Module (S/M) during the Plugs-
In Test to monitor fluid system parameters. They were not required for the Space Vehicle

Plugs Out Integrated Test.
Ih) The ACE carry-on test equipment was utilized during the Plugs-In Test. This equip-

ment is located on l.evel A8 outside the C/M and is connected to the Spacecraft systems

through cables which run through the hatch and connect to the individual Spacecraft syt.

terns. This equipment was not required for the Space Vehicle Plug* Out Integrated Test.

(31 Ground System
The Spacecraft GSE configuration differences between the Plugs In and Space Vehicle
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Plugs Oft Integrated Test are given in Reference 1-1.9. No significant differences were identified

beyond those dis_.assed above under the heading, "'Spacecraft Interfaces." Data presented in Ref-

erence 1-22 reflect that no dift\'renc_ existt_t in the coniigurations of the ACE and OIS equipment

relevant to the accident.

f. Configuration for Altitude (.'hambcr Test

Tile final run of the Spacecraft 012 Altitude Chalabcr Test, OCP FO-K-0034A-1, began at

6:00 a.m. EST,. on December 29, 1966, in the East Altitude Chamber in the Manned Space-

craft Operations Building (NISOB). The test was completed at 3:30 a.m. EST, December 30,

1966. At tile time-of the Altitude Chamber Test, configuratior_ records reveal that sixty (60) re-

leased EO's had net been accomplished. Test Acceptance Inst_ection Records reflect that.three-

hundred-eight (308) work items were open. These records were reviewed to determine configura-

tion actions accomplished or closed out between the completion of the Altitude Chamber Test and

the Space Vehicle Plugs Out l;_tegratcd Tezt. Discrepancy Report/Material Review dispositions

were screened to identify c_rrective actions that altered configuratio,l and were accomplished in

this time period. Configt, ratiot, differences ,_re sutnrnarized as h_lh_ws:

(1) Spacecraft

l)ifferences in the spacecraft cotffigurati_,n between the :\ltitude Chamber Test and the

Space Vehicle Plt,gs ()ut Integrated Test are presented in l_,cference 1-10. Enclosure 1-8 re-

flcc.ts diffcrenecs In crew equiiment and loose itetns stowed in CJNI. Significant diff:'_:'nces

were as follows:

(a) Only ttle inner hatch was installed for the Altitude (:b;:tnber l'est. Both inner and outer

hatches were installed and latched, and I4P(: hatch was its place but not latched for Space

Vehicle Plugs ()ut Integ,'ated Te.,,t.

(b) Pyrotech,aic panel t tlo. 150) was tempt_rarily itlstalled for ..\ltitude Cha,xlber Test. This

panel was removed l)ecember '.41). ltllili, and was tempora,'iiy itlstalled prior to the Plags

In Test (()(.:P I:().K-00t)(_). The panel _as not fttlly installed, being out approximately 5 to

{i inches from the lower equiptnetlt b,ty pat:el line and located on ttte C.'XI aft bulkhead.

(c) (_:arhon dioxide ;d_sorbcr eletnents tff the correct flight co,ffiguration (XlE 901-0218-

IX}21) were installed for tilt" .\ltitudc (:h,nnber Te.',t. instead of the non-flight configuration

for the Space Vehich" Plugs _)ttt l,ltegrated Test.

(d) (_:ommartd Xlodulc interior panel, PN V1{_-4tl802, covering .l-box in left-hand lower

eqttipment bay was retn_wed lt_r I)R SIR dlsposititm to relieve interference with %_ire bundle.

l'hc panel _,ts replaced prior to tilt" .";p,we Vehicle Phlgs ()ut Integrated Test.

(c) Spacecraft t_xyget_ ta,lk.s were serviced for the ,\ltitt,dc Chandler Test.

If) [lydrogct_ tanks _,,,el'e pres._t,rized with ulltc_gr,l tlurin.g the Altitude Chamber Tc'st.

(g/ Fuel cell hatter T slthstitutc unit was licit co:uwcted hw .\ltttudc (1h,ullber Test. Space-

craft was powered hv cxtcr,ml (;SI'; facilit_ power.

(h) Dr: po_er bu_ x_lt,tt_e monitor recorder was in.,,talled for Altitude t'.hanther Test.

t i) ,\dditional Velcro was in._t,dled after cotupletiot_ of .\lt itt,de (;haml_er l'c_t.

(j) Noise limih'r-, _('rt' not i,_sl,tlled ,,n ct)hra t ,tbl¢'s h_-.\ltitude ('.hatnber 'l'est.

I k'_ The gas chlom;tlot_raph w,_ it_st.d[cd for the..\ltit tt, lc ('.hatuber Tt.'st.

t I} l'he Data htOl,tt4e I_l_'rtrf_l_it-, .\s_ctnhlies II)SI_.\',I _ere ttxstallcd ita flight c{mfiguration

for Altttudc( _h,m_her Test.

(u_) l'he Spacecr,dt TV t,ltllrr.t w,t,i _tl duritn_ thr .\ll;.'tlde (_[lanll_et Test, hut not for

Space Vehicle Plugs I)_,t lt_tt'gr,_trd l't",t I,ffttr rre_ int_re._,i.

(t_} Itatt,,latt_m ,lud I'(_l.lll(dl i _lllt¢_!lt't', ',',_'lt' ttr_t,tll_'d t_ flt_ht (aln[il/{lll,llll}ll h_r
Altitude t :ttamb,'r ! e_,t

1o) l:lo_dlitzt_t in_t,dl,ttitm _,t_ tt_difted _ul_rqu_'t_t t_ .\ltitude (:hamber Test.

{p) (;,'t'ss tquq_tut,lt _t¢_w,_q¢" ss,t_ ,q_prs_x_,.,,_,t_rly flig',_t ¢_,t_fi_tttati_m h_r Altitude (;bantber

l't'_,t. S"e Encl_sttre 1 8 [t,r tit _ailed diffcrr:_res.

_q} I}ehri_ traps ',vt're illt_dihrd suh,cq_rnt t,_ \ltttt_dr { ;h,unher I e,il.

_r_ .\ll crrw couch gt-t_tnd strap,, wcrr it:_l.dh'd h_r .\il_t_td_' _ _h,tt_d_cr I',.'_!

12_ Spacecraft Inh'rf, ur,

"l[w Np.wct r.:![ tZr,_md ',_'.t,'n: tt,r,.'tl,tt t'.; t"..t,_,._', d_tt_vz tq_ \hi_tdc ( _hi|tllbrr Test arc
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dcpictcd m Eneh_sure l-t), Drawing 1-D-0056.(i. Significant interface differences relative to Space

Vehicle Plugs Out |ntcgrated Te,st were:

(a) During ttle Altitude Chamber "|'est, the .\-14-062 I,aunch Vehicle Sub,,titute Unit _,_'as

installed, l)uring Space Vehicle Plugs Out lntegr,lted Test, the Command ;tnd See'ice +.'Xtod-
ule 'Spacecraft to |,unar Nlodulc Adapter (('.S.M Sl,A)configuration.was mechanic,d|y and elt'ct-

rically mated to tile [,\'. '['he elet:trical connection to the Instrumentation Unit (IU) _'as

through a separation device.

(b) R(:S engillc simulators were used for both tests. The X00-07:'* units were used during

tile Altitude Chanlber run and tile A14-275 imits were used for the Space Vehicle Plugs Out

Integrated. Test.

(c) The external Digital Test C.otllttl,u'td System ID'I'CSC 14-231) is utilized at IA." 34

and is not required ill the Altitude (:hanlber,

(d) Tlle lruel Cell Battery Substitute Uuit iCI.I :195'} was utilized during tilt" Space Vehicle

Plugs /)ut Integrated Test. "|'his unit is used to supply S,t2 bus internal poxver after tile fly.

axvav unlbilical has beeu dropped,

,e) The ,X|obile Dat,i Recorder was utilized to record S C ilC bus vohagcs' during the

.\ltitude t_llanlher Test. It was not utilized thn'ing tile Space Vehicle Phlgs ()ut Integrated

•l'e:_t.

(f) |'ile x',.lt t'l glx tol shllto[| x .! Ix t' t OIltlol t.Iblc klnd .Issotiated ptm t'l sllppI_ x_.ls ut Ilh, etl dill itlg

tilt" Space Vehicle Plugs Out Integrated Test. This ret|llit'ellletlt exists ill order to hold the

glycol shutoff valve open after flyaxvay untbilieal eject, such that continue:us water-glycoi eir-

ClllatiOll III;I+X'he Illilitlt,lilled.

+g) The oxygen test set (_/.0()025.401"_ was used during tile ,'+.pace Vehicle Plugs ()lit {ll-

tegr.tted '|'est. ()xygen was supplied [rolll Oltt" "'K "° bottles through this unit to a facility valve

box .lilt| then to the Spacecraft. l)uring tile :\ltitude Chamber Test, oxygen x_-as supplied f:'uul

tilt" Oil I_o+'lrd tilllks, each of xvhich had lwell loaded with liquid o.x'*.._ell (I+(')X_. ()xyg¢ll,

hyt|mgen, :uld nitn_gcn fill, vent, prt,'ssurit..itiou, and rclief lines were connected to tile ,N (i

dtlrillg .\ltitude (ih,llllber operdtiotl.

th) The Pn+tecti,.'e Pressltriz.ltit,lt 1,'nit t,'g|4-0.ttt.)) was Ilsed t'J tllaintain a pad prt_,'surc on

the ,_I'S tanks. This utlit was disctmnected duritlg tilt" Space Vehicle Plugs {.)lit {lltegr.lted

Test to Ilhlillt/lin better gt'otltld isol,ltion.

(i_ |hn'ln_ tilt" Space Vehich" Plug._ ()tit lnteg,',lted l'cst. tile l,aunch l:,sc,lpe ,_vsteln tI,ES)

lower iv.is inst.lll+'tt and electrically connected, l)urinK tile .\hitude (:h.unher l'est, neither

tilt" |,|'iS tc+xvt,r nt;r tile px rtltechllit" substitute boxes were instillh'd.

(j_ (;NI'; ,w¢c,'_s t'Otllleclolx xvere collnectet{ to the ,% Xl durillg tile ,\[titude (,:hatlltWl '['est

,ttld vt:ert" riot cOIllleeted tttll'illg tilt" ._p,lce Vehich" Plugs ()ut Integrate I Test.

(k_ The ,wcess .\rill White Roolll was Ilhtted tO the ._ /,] during tilt" .%pAce Vehicle Plug:;

()ut llltegr.lted I't,st l'hi,+ coltfigur,ltiOll does not ,'xist ill tilt' .\Ititude (]h.ullber.

t l} .\it" was bt'|tlg st|pplied It+ .l ('.._I ,It'Ct"S.'S |_Ol't to hi.lint.its it low huttliditv colldition

ill tilt" sp.lee I+t'txset'ii lilt" I,: ._! plt.'sxttre vt,_sel ,lilt| he.It shield during tilt" ,%p,tce Vehicle Plugs

t)tlt [siege.lied |','st.

('.|) t_l't+luld ,_vstt'm

t:Otll'tRllr,llIoll O|" tilt" SIKWt't't'.l[t (;Si_ .It the tilllt" ol lilt" .\hitude {:h.llllllt'r l'est is tlt'fitlc'd

ill ReferellCt" I Ill. { :ttttfiglll'.ltit+tls ttf tilt' "_Iii+port{llg I.lcihtlt's together with tilt" /;SI¼ are shtl_e.ll

st'bellhitlt.tllv ill Ellchlstlre i q, l)ra'.,.itlg I !)0t)31()l!_. Retltote IlIOllihlrltlg .lilt| t'tltltt'tll et|lllpllletll

Cottfilgttt',ltiOll.t .Ire described ill Re[elt'twe i 22 _iguifir.ult dtlfert'tlCeS ill tilt" grOtltld sxstetll COII[iR-

Itlt'Alioll relate duet{Ix Its tilt" Itltetf,ltt" di['ft'tellCt'_ dl'_.t'lt',,'wd |+revtotl_lv; thereit+re, ftlrther tlt\t'u._sitlli_

.Ire iIot ptx_vit|ed,

_. Sp.lt't't'r,tft INII,I le'+t (:OlI[Igllr,ltIOll

l'hr Sp.tct'tr.tfl t)_18 iherln.iI V.it'ulun I'est ._o _{ _,_..l'i t'otldltcted ,It the sp.tve I;Ir.'ironuu'lttal

,%itlllti.lt{OtI I..d+t_r,ttorv <._l-;'q.I..MSt:. irottl ()clo|+er '...J{'l.Itt(Rt through Nt_vt'tllllt'r |. I+||R) I'he COil

figur.ttltm fur thi,_ test ,,_..|,_ ,,eh't-tt'd ft)l r t'Olll|htri'_tl _.'.ith the cotl[iRUl'.ltioll of .% (i {)12 .It the tltlle

of tile .Ict'idellt .\ spet'hl[ tOllli_tllel I.Ibul.ltit_ll _,+ls ol_t.lint'd h_ t t_lllDIte tile t'OIt[IgllF.ItIOII tel'll'i

C.lttt)tl ret'otd'_ ttf tilt' tx_,t_ .%p,ltett,lll (:t_i'lR'_ :_| lilt" .% (: |N)_ Ir,_t it'i_ll-tS ,lll¢t itl|)pOl'tltlg tl.tt.I _ere
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obtained.Thesedatawerereviewedand a summaryreportwasprepared (Reference 1-'24). Sig-

nificant extracts from the stll'tllnary report are:

(1) Spacecraft 008 wire harnesses did not have the modification kit (Teflon wrapping) installed

which provides additional protection to crew compartment wiring. A special pad protected the wir-

ing on the aft bulkhead during the S/C 008 test.

(2) Spacecraft 008 bad additional wiring that was not in S/C. 012 .to implement limited remote

control during uunlalmed altitude chamber tests, Additional wiring for. test instrumentation was,

{totalled in S/C 008. The right-hand C/M window of S/C I,)08 was utilized for anumbilical

pressure bulkhead penetration to bring out the additional control circuit_ and.instrumentation,,

(3) Command.Module floodlights of.improved configuration were employed on S/C 012. S., C

008 utilized the basic configuratiox_ for all thermal vacuum testing, "Ehe provisions for portable

floodlights were established as a requirement from the S/C 008 tests and installed on S/C 012,

but the portable lights were uot aboard for Space Vehicle Plugs Out integrated Test.

t4) Noise filter adapters for the crewman umbilical electrical cables were not utilized on S,'C

008, but were used on S,'C 012.

(5) Spacecraft 008 instrumcntatio_ and sigtaal conditioners for test monitoring were not flight

qualified instruments in al! cases, but had been tes'ted to the actual test environment. Flight in-

strumentation was installed on ,% C {)1'2.

(6) Design modifications were incorporated in the Environmental Control Unit (ECU) otl tile

S_C 012 unit as compared to the S:C 008 ECU.

(7) .\ production prototype mission events sequencer was used on S/C 008. S/C 012 had pro-

ductiou sequencers that were flight qualified.

(8) Cress" couches were modified for the Iotas duration of thermal vacuum test on S. C, 008.

Crew compartment stowage and special TcHon covered _,arfoam pads on the aft bulkhead were

used on S C 008, differing from the S C 012 flight configuration. The cress" comparttnent hatch

on S t; t_)8 thermal vacuntn test rtm No. '.4 had the airlock incorporated for scientific cxpcrinaents.

(9) Beta cloth over Teflolx covering was used extensively on the aft bulkhead (covering the

special Sarfoal'tl pad_ aud couches duriug the Spacecraft 008 test. This is a fire-resistant material.

Also, fire extinguishers were available inside the crew con:paruuent duriug the S/C 008 test.

(10) A large number of differences existed ill the GSE and supporting facilities. These differ-

enccs were ilot significant to tilt" Sp,_cecral't 012 accident.

D. FINDINGS AND DETERMINATIONS

Review of data presented iu {hi, rcpolt results ill stmunar3' findings arid determinations as follos_'s:

1. FINDING
()rte hutldrett and sixty-four (164) Engiucccing ()rdet._ (l.X)'s) were not accomplished at the time

,'qp.wecra[t {11'2 ss-as received at l,_St'. Six huudred ;uld twenty-three (623) EO's were released subsequent

to receipt at [_SC. O1" these, twetlty-two ('2'2) were reeetll releases which were nut recorded ila con-

figuration recordsat KS(: at the tiuleof the arc{deut.

I H:.TI._R.M l N,\'l'l_ _N

('.outimfitlg engineering changes indicate progressive development of the Spacecraft coufigltration

through the time Lfl the ,_pacc Vehitle Pht_s _)ut Integrated Test, At the time of the test. the otto-

figuration c_uht m_t have beet1 ¢onlph'te _ilh respect to the latmch collftgslrations.

2. I.'INDINt;

l'he required ._p,tce Vehich' l'lu_ _)ut Integrated Test col_[igul"atit'n sva,+ not t'xpliq ills dclint'd hs

tle,q_ll ell_,llleel+ill_ tH Is'st thwtttuentattt+tl, llehlutitm 0_" II'(Itllll'tl test ctulfigtlration xsa,+ lilniled It+ te_t

,_et.ttp ,in<l ct_ntr_d_ confi_zur,llions specified tn (It '.P !"1 +-IK 0_121-1.

DI" I'I,R M IX .VI'i( _N

I'hc ,dr+elite _+{ rxphclt defimltots o1' _i_acecraft test confibTur,ltiOll reqltireuwuts reich,{It'd such

deftnttioll !_, the test _t_,lttt/',ltt_l_ I-'ttrthet. it ts lit," Opllli_l_ o| this l',ulel that tile lack o{ ti_t,,'lv .Hid

D-1.18



explicit design definition ot_ the required test configuration precluded complete assessmc:_t of adverse

configuration aspects as constraints to the test.

3. FINDING

Eighty.(80) EO's effective on S/C 012 were not accomplished at the. time of tile accident. Of these,

twenty (20) were specified to be accomplished subsequent to the Space Vehicle Plugs Out Integrated.
Test. Four (4) of the open EO's were ot" a nature not affecting configuration. Three hundred and.

eighty-four (384) Parts Installation and Removal Records (PIRR's)and Temporary Installation Records

(TIR's) were open, of which one hundred and tweilty-five (125) _'ere in compliance with requirements
of the test documentation.

DETERMINATION

It is concluded that test requirements had no defined relationship to the open statur_ of fifty-six

(56) EO's and two hundred and fifty-nine (259) PIRR's/TIR's. It is the opinion of this Panel that
all work items and EO's were not closed because of late receipt of changes or further work scheduled

to be accomplished prior to launch.

4. FINDING

Items were placed on board the Spacecraft during preparation for the Space Vehicle Plugs Out

Integrated Test which were not documented by quality inspection records.

DETERMINATION

Procedures for controlling entry of items into the Spacecraft were not strictly enforced.

D.1.19
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SPACECRAFT CONFIGURATION

LAUNCH ESCAPE SYSTEM _. _

COMMAND MODULE

SERVICE MODULE

SPACECRAFT

LM ADAPTER

©
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D-1-21



VIEWOF SPACECRAFTLAUNCHVEHICLEIN SERVICE STRUCTURE
WITH ACCESS ARMS.EXTENDED

LAUNCH ESCAPE SYSTEM

ACCESS ARM TO

COMMAND MODULE

SERVICE MODULE

SPACECRAFT LM ADAPTER ".

INSTRUMENT UNIT J i

J

-i
SERVICE STRUCTURE

I
UMBILICAL TOWER

I

N
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SPACECRAFT 012 CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

The attached table lists by area the configuration of stowage items and other loose equipment for
the Spacecraft 012 Crew Compartment. This information is given for the planned launch, Operational
Checkout Procedure (OCP) K- 0034A- 1-Manned Altitude Chamber Test, and OCP K- 0021- 1-Plugs-Out

Test.

The data for planned launch was taken from the Spacecraft 012 Operational and Experimemtal

GFE/CFG Stowage List. Data for OCP's K-O034A- 1 and K-0021- 1 were derived from the applicable
Test Preparation Sheets, Part Installation or Removal Records, Temoorarv Installation Records, Stowage

OCP's and interviews of ground and flight crew support personnel. In the case of OCP K-0021-1 some
data was also derived from physica! inspections of the spacecraft after the incident.

The data includes all items loose in the crew compartment, installed in stowage containers, car-

ried on the flight crew's persons, or items subject to removal displacement by the flight crew. It further

includes all non-flight mate.ials known to be on board the spacecroft. All items are listed under their

normal launch stowage locations, except that non-flight items are listed where actually stowed for the

test. Items stowed in other than normal launch locations or in other than normal launch conditions are

identified by notes in the "REMARKS" coJumn.

The "STOWAGE ITEM NUMBER" is a cross index to the Spacecraft 012Operational and Experi-

mental GFE CFE Stowage List.

ENCLOSURE 1-8
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LEFT HAND EQUIPMENT BAY

CREW COMPARTMENT STOWAGE AND LOOSE

i15¢ folu I,:, (_.Le,_(o,) . .

S']'O',':'.,]"

APY.,',

67

67

6(

67

6"?

67

6

(.

6-

04

O'"

6'o

6.

'[-.

6.

t.

6

_t

l.'b

6_

68

6C

t _

PIA_;:./D OCt' K-

LAL_,:.'H O03hA.1

L

0¢}' K-

002 i -

PAP? hl"..2,_ '.:

V!6- 55,0 ,J,.i. t

EC :dOe :- "

EC 3,'004

EC ,._00".

SEBI liOOJ" o-. ,

SDC; 830OOJ!

V16-6CI l '_O-I ]

TAt*h-.

V16-601 d

i_-Ol: :

$ EB :." 0007 -. O

Ai,_ 1 ,'-0£k_

A. OO7-O0O

A. 006- 0OO

t,_;,OL- O;' "

ME,_O-JS 5-OC,

,_£-".-0- t-O_,

._,)Ol-O: ',-GO:,

5_,)O[-0: >-OG. 3

[_E.u __i0037 .... O -

SDB • • ] .)O_ :'

:_DB .',: l OOO-J

VIe-be! :..O-i :

','t6-t'Ot"_ '

¥ib-601,'O1- (; .-hi,

-)I

i::;6
VL6-60126 _-4 _

V[©-6ol .'e _-

',']t-63" <)C

";o_.-: ;[g.ht

EQUIPMENT CONFIGURATION

NO_[-'NC IA2%_1.F

fcic!;ti:'ic Container "D"

Dew PL i_¢'gror, mter Sensor

:_'ozu:o r Cable

Co::t :'_[ Unit

CouLPol iAcr Cable

)'topas Cable
2ec Handle

Ro I" Tape

Contai:mr (Food £trg $up L,_

Food Set

S I_;,/.(;F

T T='M ._':.9".-- "':"

•Stowed on :',oor O:" ,_.r-[:

C[' h" t,.,EP For CJ, .-'.

-In. ta"._d acroc:" :,Y}:

F:r, t:: hag

,','G

I_: Fit CoveraI!c - (,'ac,,et)

In F:t Coverath_ (pant- _)

Sanda's (_ pr)

:::_:d:<.: (" l,r_

fm,dal: (: Dr)

f'mda:, (" pr)

$_'_Ld:t ] :"

P" at'ti c .hat_

Con_uanders Che ok" _.st

t": ight F'.an
Co:.t'dlmr FLL Data Fil, '

?co }l:md!e

_k_i:',"Lizlter Adnpter C:a_: <

Unbl[icaL Assy

0 5ose Inlet _:o:tz:e

3[ !_se Exhaact Nozzle

Cobra Cable

Cobrn Cable

T-Ad_pte_ _Le,:t

C_F ".,'.. r

" _ _a!.-._.,':,.,;ood .'tow_d

i:l s.b.,'[a" ,-ol_tUil:er Ol t

OO}..A-:

" 3:_ _,bi'.ica]:"

• )r, u..nbillca'.s

- fe_',ter Cre_a:: co} r: _,

:'a_ ]," 2_Y O.'. ',< ]-'.

- ['_. !, :_.:mber:" -.X'J_

',n:'talled :'or 0 ,_ ',-1.

_n-fLight d%::, :.._r._er

,_.!ade o: n_"iot.. F%,'h :.ad

ENCLOSURE 1-80
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LOWER EQUIPMENT BAY

/, :" LHfEB..: I _ I .rHFEB_X

f 3 _ " I 13 '%\'t i

' -_.e_.i I _ ' , I_
SIC

, A' I-- 9_ r'lo'_ s_c_c" ]

i , I
LI:! , ,,

CREWCOMPARTMEHT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

ill IOl_ I_1'_ (ml! Sll(Oi)

3TOWACE ¢_tVJ;?] ?Y

PLAt'_,_'D OCP K- OCP K-
AREA

LALff;CH 003hA- 1 0021-i

PAR,T h%%L_E}< NCi.e:NC'JTL_ _

2_.J6.)i G&E Long Eyepiece SCT

2012719 C_U iCT Eyepiece

i0] 30]0 SCT Prism Housing

20[2700 G&N SX? Eyepiece

2012699 JXT Mirror '>lous_ng

SDB_31OOO6g-301 G&N Optics Cover $XT

SEB3_IO0O7_-O_ G&:'; 3ptics Cover SCT

Vi6-6O'.'16 Food Container "A"

V16-601 "_6 Food Container "B"

V16-601 )[7 Food Con_alner "C"
V16-60: <i- Food Container "D"

V16-601".,I<, Food Container 'E"

SEB_31000_!-201 Bing Sight

EEB_,oIOOO, i-/o7/

I SEB33100026-ZO_

SEB33100OS j-?O[

SEB331000'."-JOl

SEBS_IO00; ',- O.
SEB 5=13ooi l-,o l

SEB 5510_?.. -20_,

SEB_DIO00/ #-.Ol

SEB3 :I00032-201

SEB_IO00_O-. O/,

-20, , -.'O-

SI_BD -iOOO_7-201
SEB _3100078-'O1
Ec -01'.'%

SEB12100057-_ Oi

V16-7t2031

V!6-757058-:,I

V16-753110

SEB53100050-201

5bn -t"lIght

_16- $31._,77

16 _ Seq CPJn wlth Film..

!6 b_,l Power Cable

18_4 Lens

_4 Lens
"lOO_i Lens

Mirror Mtg Bracket

]6 _'. Maga.:i,.e

!O _ Camera

2'0 MH Lens

70 MM Magazine

Exp Dial

Spotmeter

Vascular Support
Binoculars

Fo_a Cushion
Foam Cushion

Foam Separator
Filter (or,camera)

Plastic Dust Cap

Gas Chromatograph

Crew Fit Data File Cont,

STOWAGF.

ITEM BEW_*g
NUMB,._,

O]9
016
O16A

017
OITA

_55 ,_oundon eft bulkhead

Iftar 0021-1

,i!.
16

I17

)01 -Stowed on floor of area

8?, LEB for 0021-1
)05 -Stowed on f nor of area

8Z, LEB

102 -I stowed in area _0,

ere% couch, on Od_&_-i
>O6

:1.2

1015

_o16

_ot6s
')'3

,On gas chronatograph p_
connector

,Not installed on _021-I

839 I I

ENCLOSURE 1-Sb
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LOWER EQUIPMENT BAY (CONT.)

/ L.FEB 

!35 7

SEC --

"A' I

 C_uD

I G&N __

E _"I 1o'm

S[C ' B"
It

CREWCOMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

SDB331OO05"*

SDBj31OO0_8

SDB3310OOh7

SDB331OO0_5

SDB331000_6

SDB331000_ :
V16-601125

V16-6011_5-_I

V16-601_80

V16-60151 O-2 i

V16-6011 _-[l

V16-60148l-II

V16-6011.,:,-il

Vi6-601 _oo

Vl6-6OlL_l-i]

V! 6-601:,0;,

SEB121OOOa9-, o:

EX750>6

EXTOO3T

SEBO31000 _0-.'O1,

-202 or - o-

SEB 33100022 -,_

iSD511076

SEBk210000_-201

I£-I'%9

I tfg
' V16.6Oib.21-101

V16-601526-_i

14-O112

Non- flight

_n-filght

Exper Checklist ' OI2H
Star Chart 0121

Orbital Map O12J

_;avlgation Checklist OI2B
Tool Workshelf Dw_ 803

Tool "A" 803A

Ibul "E" 80?_

Tool "F" 803F

Too! "H" 803H

'iboi "J" 8o_

_oi "L' 803K

£ether 803M

_'r Assy with Workshelf 819

Work/Food Shelf 820

In_pe:tion Mirror 068

Goggles 20_

Mouthpiece '705

:70 b_l Magazine 006

_6 _4blagazine 00¢
MDAS 6O0

P_siolog_ea£ Monltoring._/_ 02_
UCD Clamp OP:,

Urine ReceptacLe 035

Urine Filter Assy O_g

Re_:_acle Assy Relief Tube 861

Wrapper Assy Relief T_be 876

T_wels (Dry Utility) O31

Mounting Hardware for

Panel 150

White Room Tape

One document found on

center couch, on on RH

girth shelf, area _

after 002].-i

-In plastic bag taped to

panel

,Over open ACE connectors

on ]h panels & over eatr

hatte_j terminals

ENCLOSURE 1-8b
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RIGHT HAND EQUIPMENT BAY
i
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i
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i ,_ _, /Ul_t
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CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT

t t

.i• , ,.._
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Vtt_ot,I I.' _t'

I lgE i, L o0,_ ,' _-, _00 l

MI'Y_, i-Of ..-,_0,'"

NOb::'.NCI .A l"dl_ '

CONFIGURATION

:IT,, g',2,I"Y

I't"R

N'Ol"t__ "H

KE.%"d+.i',:"

- Or+ OQ,'l-'t , {"Jth llpel, l'etl

*'ent+ved C_'om ntow,+_o b_

_'_'@W, _3th t'ottrlt| tll UOtlt'I
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RIGHT HAND EQUIPMENT BAY(CON'T)

l

L1

'_;'-7

f
CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

';', I

.?i,

_e
.¢

'_TA

"t,A

•:F, A

';,_

i,,',l_, ''_! OCt' _-

:'d ,¢q O _I, _. I

%? _,o, I

I |

I

I

t

1

,VI' I,,-

1

I'hhi' R','_'."! _

VIt,__,L.I o_ i

V I _,-o011 .'0-', l

V lt,-,,O1 l'O-hl

Vlo-ool ',1')

V Io_(_,'_II,II

8DB _ _IO.X'."i

_I)B _ _I O, _ _ ; :

N,m- I' ', ! K_:°

R_ ...... _, ,_,

pi;I':AA,|:,pt,,r _:abh,

I'1.:*11," pu:_I C.,.q"_

,.=

IV'i<.\i:!'"

I '_!!_,_'_;

:_llP

.'110

,%,'

Ol .'l"

01 ?E

l_l"blAtlk;:

_'h_ pyro nnd _'ll','ttlt

]tXl Ol'l=il_lOI" OOlVto,'? ,'I'P
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FORWARD BULKHEAD, SIDEWALL.

AND HATCH (CONT.)

_ R_'__ i_

_tt_l

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

(lie e? ,1_t

I I.

!' I J'

m

;',FI_, J l _\\ __,_o._,_1

,,'lel,_,01 _\\_'-',..\_1

VI( o, Ol _ "-_oh_l

VIe- "'l_l-ll

',g_ - " "I _ ),q-._l

it','l_C' !_ t'l_'_,,'t: Asn._

:_,m _.:..!,,I"

,:,_,_|,'-T:i l.:_,i:dr.t'.,'hS

]'t'llr' t_ _ ,' _,'I"

_'_,,l L .... _t't'

1

l,IJ".'.L_?_;:

_'_,"

0.'%'

[I Ite'_t ,,l" ll['.._,:_!_?r',l

&:'*'A': _',_. %_. %_. I'd

%',. 1111"": _%_ _|,,v ',,_'r

II" ("" lr_'re','l,_ It: ,| :_*,,w.'d

• 11_ '' .

IN _ ,,"* ,',t t'r,,r' {"1"_I !:

",_nll:.t !If,,' m',l rls',',l

'r_'_ _.:' F. r'.'t'..
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CREWCOUCHESGIRTHSHELF

I

CREW COUCHE5

CREW COMPARTMEHT STOWAGE AND LOOSE.EQUIPMENT CONFIGURATION

PART hL_.:_:z.k

V16-601472-157
v16-6oz_,72- t61

V16.6OiI,72-17 _
V16-601_7 "-lSt

V16-60_hT:-191

V16-60!_72-20£

VI6_60!J*72- 211
Vl 6- 60 '.t,72 -e?

v I6-6OI_,TJ-D3L
V16-60_9 _

VI6.6Ot49 _,

V_6-601 _o6- '_

V16.6Olh_6-2

M_9OI- O2[,7-0007

M_9ol -O2%7-00_)

ME'_I-0257- JOt l

_n-f ligh.t

_%br,-f _tEht

(_n-fliKht

Non-ftiEht

v£6--,_?',o-,'
_on- f Ii_ht

BMK- 10OA

w6.8_osoT-21
v_6._8o2o7-l I

EC_3_O]

ECj320}

V1.6-33116o

V_6-53tT)O-t

Couch Pad Assy

Couch Pa_ Aasy

Couch Pad Assy

Couch Pad Aesy

Couch Pad Assy

Couch Pad Assy

C_uch Pad Assy

Couch Pad Assy

Couch pad.Assy

Wire Bun Cover

Xlre Run Cover

Wlr_ Run Cover

Wire Run Cover

Restraint Ascy

Restraint Ashy

Re_traint Assy

O_P K-OO21-I Chec_tist

)WAGF I
rEM

879 I
I

879

879 I
_79 I
8791
879i

879
879

s6o
88o

88o

0CP K-OOfl-i Checkliat

OCP K.OO21-] Checklist

Mal funetlon procedu_ e

De).:_,c'"t

Arm Re_t, crew- co_¢h

Tub uAar COver

Rotatlon_l Controller

_r&enc¥ b_dlcal Kit

Tr_mslation O_nt. Mt@_ Bkt 86_

.pranalatlon _ont. Mapter 83(

Tr_nslatlon 0ontrollar 87_

q'1|aue Dilpenaer 031
• _ue D%_pen_er 03_

TV C_mera M%6 Bkt 85

16MM C_er_ 14ti 5kt 8_

1.6 HH _q t'_mra l

87_

02_

Bm4A_

-Fo.and on LH couch af%Ir

0021-I - Multiilth

Process paper

- M_Itillth pr_ceaa paper

-M_Itlllth p_eeas p_l_r

-Ze_x aria B_ni_g p*_-

Ce:_ paper in _ni!a

folder.

-On _tatlonal h&n_ com-

troller tm2ne_ a

-Container only mtow_(_ or
0c_1-1

.S%@w__o:ifloor of area
_Z Im IA'I_ for 0¢_1-1,

ENCLOSURE I .Sf
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CREWCOUCHESGIRTHSHELF(CON'T)

CRE%'_ t OUCHLS

Lii , ."'o I !J

CREWCOMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

PIANNI"D OCt' K*
AREA

LAUNCH _k_ 31_A-I

P/_T NUMBER

SEBS51000' 5->01

SEB 5 J 1000',0-.>01

SEB3_1000 _0- JO',,

-202 or -.'0

CEBJ3100_ i*,'O

SEB _jlOOO .O-. O

VI 0.7',1.." .,,

m,,6i70
ME.'80- OOO,_- 0,),3;

Vl6-6OV, O_-,

!.Vlu*TTl j',8
i

, V { t;- :,l.'O.'l'l:_

; Vi0-7570_4o

, V.I0.5 j_?qO..

_n-f I iEht

Non- flight

(0 MI4 "uix, r Wide Angle Cam

'. t@l Lcm;. 16MM Camera

"(0 Iv_t FI 1.'.: Magazine

Inter:'e rence Filter

Fiilv:'

V._l "G" Foam Cushion

}{a=e Filter (on c_&m_cra)

Go_'_g! ,. s Assy

.¢e:i:-or Unlt-Temp Evaporabct

1_,,o_ "F" Handle Ext.

Floodlight

Floodlight Cable

C_r,,ra Brkt (',051)

A='.i Re,-t, Crew Couch

i Botatlonal ContI_)ller

Dust Ca I,

Foam Bubber Pads

._¢[_)WAGE

NUMBk_

o_8

21;'

;' li

871

RE. 'J,/-I _'-

-:'t.,w:,_e bll#." ._:..,,,' to%_ed
for Jo.'l- i

*Plastic - on SCS _un_'t.i,,_

bOX COli:leetO r

-CovereJ, with ,.'clog'tat .

cleall _oOm t:ipe, lll'{d
over _-_ s{r,i_._;
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CARRIED ON CREWMEN

CREW COMPARTMENT STOWAGE AND LOOSE EQUIPMENT CONFIGURATION

CP E-1 P_dRT NLSt_FR 1 NOh_':NCIAITr'6"_:

3 A 1936-0D0 iPressure Garment Assembly

I A | Constant Wear Garment1912-003

L:" RFB-OP-4-3-O02 | Passive Dosimeter

3 EC 30115 I Penlights
SEBI2100033-201 Sunglasses

SEal 21OOO34-201 Sunglass Puch

3 SEB40100095-201 Life Vest
)._010 _ Urine Collection Device

I LFB.-OP-4-3-O03 _ocket Dosimeter

3 _EB121(>_929-001 Chronograph
3 EB12100030-201 Watchband

6 SEB12100031-001 Marking Pen

6 SEBI2100032-202 Mechanical Pencil

i CSD L_3542 Scissors

2 EC .IOlCO Scissors

3 pr Glove Inserts

3 pr grist Dams

3 Neck Vent Dams

3 Neck Dams

3 Dr A-1901"_01 Heel Plates

3 pr A-1902-OO1 Sole Plates
1 ,EC 30045 Shroud Cutters.

3 Combination Knife

I Non-fl _ght Ratchet Wrench

3 Non-fllght _er._onaI Watchband
Bioinstrumentation Systm_

422

407

RE!%kRKS

-I per cre%A_8:1

•I per crewman

-5 per crewman

.I per crewman

-I per crewman

-i per crewman

-I per crewman

-i per crewman
_n Senior Pilot

•i per crewman

-i per crewman

-2,pe_ .crewman

-2 per erewm_n
-On C_m_and Pilot

-On Senior Pilot and Pilo_

•i p_Ir per crewman

•I pair per crewman

•i per crewman

-i per cre_man

-i pair per crewman

-i pair per ere_m_n
-on Senior Pilot

-i per crewman
-On Co_man_ Pilot

-I per ere_man_

,I per cretan

ENCLOSURE 1-8_
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ATTACIBIENTS :

Drawing No.

1-D-0056-1

1 - D-O 0 56- 2

1-D-0056-3

1 -D-O0 56-.1

I-D-0056-5

I-D-0056-6

I-D-0056-7

I-D-0056-8

1-D-0056-9

I-D-0060

1 -D-0062

SPACECRAFT GSE INTERFACE DRAWINGS

Title

SC GSE Status During T-10 Hold - 0021

SC GSE Configuration During T-10 Hold - 0007.

SC Range l,aunch Vehicle Interfaces T-10 - 0021
(2 sheets)

SC. GSE Con[igurat-_on During T-tO llold - 0021
Electrical

I,C-34 EPSGSE Electrical (General)

Altitude Chamber SC GSE Configuration - 0034A

LC-34 ECS Airduct

SC GSE Configuration During T-10 Hold - 0021
Mechanical

LC-3,i ECS Water Glycol,Oxygen GSE

ACE-S C Uplink (Command) Configuration T-IO
Mtnute_ OCP-K-O021 (Shoot 1 of 2)

ACE-S C Downlink (Monitor) Configuration T-IO
Minutes OCP-K-O021 (Sheet 2 of 2)

AS-204 Astro Comm Circuits

ENCLOSURE 1-9
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SPACECRAFTANDGROUNDSUPPORTEQUIPMENT

CONFIGURATIONDURINGT-10 HOLD

ELECTRICAL PO_'ER STATUS

MAIN BUSS POWER ............................... EXTERNAL

BATTERY BUSSES ................................. ENTRY BATTERIES

BATTERY RELAY BUSS ............................. EXTERNAL

PYROTECHNIC BUSSES ............................ ARMED

LOGIC BUSSES .................................. ARMED

EMERGENCY DETECTION SYSTEM BUSSES ............. ARMED

SERVICE _IODULE JETTISON CONTROLLERS ........... OPEN CIRCUIT TO

SM BATTERIES

NON-FLIGHT CONDITIONS

CONDITIONED AIR WAS BEING BLO_N INTO COMMAND .MODULE BASE AREA

CRYOGENIC TANKS EMPTY

NO PROPELLANTS, HEI,IUM, OR NITROGEN ON BOARD

WATER GLYCOL RETURN S,'IUT OFF V,_I,VE (S_D IIEI,D OPEN BY EXTERNAL

POWER

PYROS SHORTED, CONNECTORS TIED BACK

COMMAND MODULE OXYGEN SUPPI,IEI_ TItttOUGII ON}: IT_IBII,I{'AI, I,INF

I-D-0056-I

EHCLOSURE 1-9a

D-l._I8



o

0.

_J

M4
W5

O.

I"
UL

U
W
U
'¢

W')

• . l,)

o
r_ jz

4 ._o
°_

.JOJ

vl

b, _- W

G

ENCLOSURE 1-9a

D.1-49

t Ijl



• ii

EHCLOSURE 1 -(; b

D-1-50

. I Ill •



...... l,J ._ | _ T n "

ENCLOSURE 1-9b

D-1-51

°_

!-

!

if-,
0
c_,

123
i

U

tL

ILl

Z
m

u]
_1

w_

o
"I",,.
U I
ZF-

.=J

Z



,t

z_

• !

_._ ",6 "_'%.J • '

"-- L,I
I'-tt _ -_

.I

I-.
I

U_

ZU

0

U

ENCLOSURE 1.9d

D.I-_A

IIlIIll



Z

Z

EHCLOSURE 1.9f

D.1-57



I • [

i

Lx_

i hi! _

' "_ I_4_ -!'-_Tl_ I
o\', ,!l!,al".,_......

,,,_ _ ..

-_>-x0
U

_,_ :_ . . !_.l]i."_"_ I_.

!_'__,i - '_"

!
I

i i
I

:ili
-, _ !i.'.l_

• I ;I_I"

%l'm.

J

'°
!

I '!

-- I IIII - "Ii

ENCLOSURE 1.9h

D.1-61



L ,.
I

i
I

v 3._w

".tl

II

| .=.

i

.......

L.,

I

1

• i,!i:

--77 f ..... "....
I

......... L_..I_ - i

L .

i

- , - -* i

I I I i 1

_ i ._-.---:.,.._.................._-

I , "=" I

_._ l||_/ , . •.......... _...
i!

..............._T-- _ _!.!" _! :_]

_ . -.... J . "' _4_. q. rv,
• i I,:'_'_',

' ! I_-I _-.

I_ i l iii:',iL ..........

' _ C,q i-l,I _",' •
' Pr-_R_ " " 1: il !_-'_, !:'_, :_':_"

4 !f-?. ,_ ./_ --'_1!_ ,.., "'"

"_ _-'° ":._ ;:

_,_\ _ r-.,7- _'_ r'. iq _., .

-,,, , _ .. _.J _.,_L_ .
".S :" _ -i" _ : :, :

ENCLOSURE 1-9i

D.1-67



E. SUPPORTING DATA

( lAST ()F REFERENCES

The following documents are rcterenccd in this report and are available trom the Apollo 204 Review
Board, General File.

Number Reference

I-I "'Spacecraft 012 Configuration Index", Jan. 29, 1967, North American .\riot[on, Inc.

Process Data Ret,,)rt xgc_. I'487-16: Panel 1 Reference No. 1-I).,,1(_(,

1-2 "'Spacecraft 012 Indentured Parts List". ,Jan. 28, 15_67. North .\merican ..\v,ation, Inc.

Proems Data Report No. L'487-14; Panel 1 Retcrence No. 1-1)-tlO()7.

1-3
"'.\polio Interface l)oct, ment..lnstrunmnt tuit I,_ Spacecraft l'htsical Rcqu,c.nents".

Saturn Apollo .Mcchanica[ Integration Pare'l, It:!) l'_ ._I 2OI0bt. V'.mel I Reference No.

I-D.0¢197.

1-4 "'Interface (]ontrol l)ocument l)etinttion .I .Saturn SV,04. and ,\polio ¢_ (: I)12 klect-

rical Interfatc". Apollo Saturn Electrical Panel. I(:D 40 .kl 37511t'1A; Panel 1 Reference

No. l-l)-00!)(_.

1-5 "'l.,,unch Complex 34 Checkhst. t() N. lq),)ll" ()ct. 25. l.q()(,. N,,rth .\merican .\via-

tion. Inc.. /Pattt-I 7 I)ata).

1-6 "'G!_I'_ Functional Integrated .System hchem.,':c_.._p,,cc,,alt O12 & O14. 1'71'I,_ I.(:-34"',

Nt_rth .\met[can Aviation. Inc. I)ocumenl No. (;lt-q(JO!l12; Panel 1 Reference No. 1-

15-I)094.

I-7 "'Launch Countctown, Preliminary P, evit.w l_ocumt'nt, I"_)-K-0t)07"'. lan. 17. 1967,

North American ..\viati_m, Inc.; Panel 1 Reference Nc_. 1 D-_II(It).

1-8
"'lnter-(:enter Interface (:ontrol l)ocum('w l.o_' , .MontJd_ I)ul)li(.ation. Marshall Space

Flight (':.enter. NASA.; I)anel 1 P, eterenct" N_ I I.)-(blq)2.

1-9 "'Space \'chicle l?lut4s Out luwgrated "l'e'd, l'()-K.()()21 1"" Jan. 25. 1()()7. North \m-

erican Aviation. Inc.: (Panel 7 Data)

l-lO "'Summa_ of Sp,wecrah (:ont,gur,:,,,a l)dterences '..\polio 2Ot Review Board. "ipacecraft

and GSE Configuration. 1)anti I Reference No 1.1).O_8.

1-11 "'Spaeecraf: I)I'2 fonfigur,tt,utl Vetihcauon Record (¢:\ R;" .January 2,_. lq_bT. North

American .\viAl,tin. Itw.. l'lorfila, l-'acilitv ('VR. P.mel I Reference No. l-l)-tl{12.

1-12 "'List of EO's Partially .\ccomplished _pacecraft IJl'2 at ltme of Accident". Panel 1

Reference No I I).l_121t

i-13 "E()"_ t)utstand,nt4 ,\gain_t % f: 1112 \,, ,t_ i"h_rida Fartlit,, f:VR Tab Run". Panel

I [(('terence Nt). I I)q)()'2:l

1-14 "'.Spacecraft 012 lest and \c_-ept,tn_v In.p,., t,,,n P,'port T.\II" " ,Panel 6 Dat,t_

ENCLOSURE 1-10
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1-15

1-16

1-17

1-18

1-19

1-20

1-21

1-22

1-23

1-24

"'Spacecraft 012 Controls Configuration", Panel 1 Reference No. 1.D-0058.

."Comparison of _'/C 012 Operational and Experimental GFE/CFE Stowed Equipment
for K-0034A-1 and K-0021-1, Letter from CF22/Team Leader, Apollo 204, to Chair-

man, Panel 1, February 21, 1967. Panel 1 Reference No. 1-D-0099.

"Items on. Crew at Ingress", R. A. Mitchell, February 6, 1967, Panel 1. Reference No.

l-D-011.

"'Initial Report on S/C Configuration"., February I, 1.967, by W. F. Edson and C. D.

Gay; Panel 1 Reference No. 1-D.0003.

"'S/C/GSE Configuration Comparison", Panel I Reference No. 1.D-0093.

"'Support Operations Investigation, AS-204 Incident, Panel No. I GSE and Spacecraft

Configuration", submitted by Chief, I,aunch Facilities Division, KSC, Panel 1 Refer-
ence No. 1-D-0095.

"'Inventor 5' of Levels A-6, :%-7, A-8 (I.C 34 Service Structure)", February 23, 1967,
Panel 1 Reference No. 1.I)-0101.

"'Report - Test Configurations of Remote Test Monitoring and Control Equipments",
Panel 1, March 9, 1967; l'anel 1 Reference No. 1-D-0t)91.

"'Crew Abbreviated Checklist - Mission .\S.204"', January 23, 1967, NASA Manned

.%pacecraft Center; (Panel 7 Data).

"',',;ummary Comparison, S'C 008 Thermal Vacuum Tes,t No. 3 and S,'C 012 Plugs
Out Test (OCP-K-O021)", March 10, 1967, Panel 1: Panel 1 Reference No. 1-D-0092.
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TEST ENVIRONMENTS

APPENDIX D-2

TO

FINAL REPORT OF

APOLLO 204 REVIEW BOARD

D.2-I



TEST ENV I RONM ENTS PAN EI,

t
A. TASK ASSIGNMENT

The Apollo 20,t Review Board established the Test Environments Panel, 2. The task assigned tor

accomplishment by Panel 2 was prescribed as follows:
Provide history of all test environments encountered by this Spacecraft on a major assemMy-

total assembly basis which are germain to validation of systems from fire hazard standpoint. In-

clude appropriate 'qualification testing of systems and subsystems. Particular emphasis should be

placed on qualification tests in pure oxygen with regard to pressures, temperature, time of ex-
posure, and simulation of equipment malfunction. Indicate any deficiencies in this test program
related to the subject problem. Also, include comparison with previous tests of appropriate flight,

house, or boilerplate spacecraft. Any problems encountered related to fire hazard shall be docu-
mented.

B.. PANEL ORGANIZATION

1. MEMBERSHIP

The assigned task was accomplished by the following members of the Test Environments Panel:
Mr. W. F. Hoyler, Chairman, Manned Spacecraft Center (MSC), NASA

Mr. B.J. McCarty, Manned Spacecraft Center (MSC), NASA

Mr. C. F. Key, Marshall Space Flight Center (MSFC), NASA
Mr. C. O. Baker, North American Aviation, Inc. (NAA)

Mr. A. E. Toelken, North American Aviation, Inc. (NAA)

Mr. H.J. Dunham, General Llectric Company (GE)
Mr. C. M. Nolen, General Electric Company (GE)

2. COGNIZANT BOARD MEMBER

Mr. G. C. White, Jr., NASA Headquarters, was assigned to monitor the Test Environments Panel.

C. PROCEEDINGS

1. GENERAL PROCEEDINGS

This Panel planned and implemented a re\flew of all tests for histories pertinent to the investiga-
tion. Attention was focused primarily upon oxygen test histories of the crew compartment systems, and

arcing and shorting problems experienced during those tests. However, .all environments were reviewed
for rationale used in original deri_'ation, substantiation by ground, and flight vehicle tests, and margins

imposed when implemented into component level tests..The other environments were examined as possibly

being germain to the cause of the accident from an indirect standpoint. These reviews included the
vibration, heating, and humidity environments.

The qualification tests were reviewed at MSC and involved examination of more than 1()t11) docu-
ments. The vehicle level tests were reviewed at NAA. Downey, California. and included a review of

another 500 or more related documents. Summaries of these efforts were reviewed by the Panel at

Kenned)" Space Center (KS(:) to seek out any test program deficiencies.

Other related oxygen fires which have occurred in and out of the Apollo Program were investi-

gated to determine areas of similarity.

The difference in qualification, or component level tests, and flight vehicle tests should be pointed

out before the discussion of testing which follows. In the qualification tests, the component is subjected

to design limit conditions sequentially and, or simultaneously, is essentially worn out by the end of its

test program, and is never flown. In vehicle level tests, a considerable amount of functional testing is

D.2-3



performed, but always under nominal conditions, rather than.design limit conditions.

2. OXYGEN TEST HISTORY
Summaries of oxygen test history are given by Enclosure 2-1, for Spacecraft (S/C) 008, 009, 011,

and 012, and by Enclosure 2-2 for component level tests. Details of these histories (References 2-4 and

2,5) are in the Apollo 204 Review Board General File.

The Certification Test Specification (CTS), SID 65-1210, recognized that ground operations would

involve short duration high pressure oxygen exposure. It specified 14.7 pounds per square inch absolute

(psia) pressure of 95 per cent oxygen for four hours, _nd 21 psia with 14.7 psia partial pressure oxygen
for two hours. Although few subsystems experienced this requirement in the component level tests (En-

closure 2-2), most cabin subsystems were exposed to this environment in the S/C 008 tests (Enclosure

2-1). About half of the components of the Environmental Control System were tested to the MIL-
STD 810 exposure proof test, which is a somewhat more positive test against fire hazard_ than is

oxygen explosure per se.

The original CCOII ((combined contaminant, oxygen, and humidity) test was established in early

1965. It was unrealistic, being based upon .Mll.-STD 810 which i_ established as an accelerated test .
of tile attn_pheric conditions an aircraft would experience under, years of service in sea coastal re-

gions. The Apollo S,C is maintained in a controlled atmosphere during manufacture and at KSC. Be-.
cause of this, early" in 1966, the test was established as being 8hours of salt spray, 50 hours of dry

oxygen exposure at 5 psia, and 120 hours of humid oxygen, exposur_e. Cold-plate mounted equipment was

temtx'rature c_'cled during the humid oxygen exposure.

Nearly all of the cabin electrical equipment was subjected to the CCOH test, or to the MIL-

STD 810 explosion proof test. Some were not actually tested, but were qualified by being similar in

design to another tested component.

3. VEt IICLE TEST COMPARISON
During S/C 008 testing, the cabin equipment was exposed to approximately 18 hours of oxygen

exposure (6.5 hours unmanned, 11.5 hours manned_ at concentrations of 90 per cent or higher and

pressure of one atmosphere or greater. S/C 012 experienced 8 hours and 30 minutes of manned test-
ing under similar oxygen concentrations and pressures. Neither S/C 009 nor 011 were subjected to

oxygen concentrations above 7,r_percent during either ground testing or flight.

4. ETttYLENE GLYCOL LEAKS IN COMMAND MODULE 012
Command Xlodule (('/,M) 012 experienced, water/ethylene glycol leaks and spillages. This is re-

ported in detail by Panel 8. Panel 2, concerned that the connectors had.been broken open during
the cleaning process, recommended test requirements to Panel 16 to verify the effectiveness of the clean-

ing techniques.-

5. -\RCING AND SHORTING PROBLEMS
The evaluation of anomalies considered relevant to possible causes of,. or contributors to, a fire

was focused on C/hi 012 checkout and test experience, and the certification test program. All discrep-

ancy and failure records at NAA and KSC were reviewed to identify arcing and shorting anomalies.
The review included both resolved and unresolved anomalies so that the corrective action planned or

taken could be reassessed. The significant anomalies were then classified as either likely or remotely

possible candidates relative to possible bearing on a spacecraft f:.e.

Although many hundreds of records were reviewed in the course of this anomaly investigation,

only those considered most significant arc included in this report. Enclosures 2-4 and 2-5 summarize
these anomalies encountered during certification testing and C/M 012 testing, respectively.

6. EQUIPMENT USED FOR TEST ONLY
C/M 012 wa_ configured with some equipment which was installed for test only. This equipment,
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necessary to monitor test parameters or permit system operation, etc,,during ground tests, would be

replaced with flight hardware or removed prior to launch. However, investigation disclosed some equip-
ment of this nature remained in the crew compartment during manned ground tests. Equipment fall-

ing in this category was reviewed for aspects of test history and failures which might reflect a possible

cause of the accident. Two of the items of this type which were.on C/M 012 and perhaps relevant

to the accident were the Elapsed Time Indicators and the Lithium Hydroxide (LiOH) canisters.

Elapsed Time Indicators (ETI) required to measure the total operating time of selected subsystems

were installed on 15-units of cabin equipment. By virtue of their requirement to record total operating

time on limited life equipment, they remain installed at all times until just prior to flight. Test history
of the ETI's indicated that in one case a fire hazard existed. An ETI on the Caution and Warning

System had failed by shorting and was found distorted and cracked due to excessive heat. Subsequent
examination of C/M 012 absolved the ETI as an area of concern.

LiOH canisters installed in the Environmental Control System (ECS) were being utilized for test

only. This type canister had previously failed certification tests due to powdering of LiOH pellets under
vibration.

Equipment which was not required to be on-bo'ard during flight did not. receive the intense and

repeated scrutiny imposed on flight hardware. This was recognized by restricting the use of non-flight
hardware.

7. OTHER OXYGEN FIRES

Data and documentation on four non-Apollo manned experiments in which there were fires were

accumulated and reviewed. Failure and trouble reports on two Apollo ECS explosions and one Apollo
ECS fire were reviewed. This review was summarized (Enclosure 2-6) and forwarded to Panel 5.

8. ENVIRONMENTAL REQUIREMENTS

Environments, other than oxygen exposure, were reviewed to seek out any possible deficiency that

may have contributed indirectly to the accident.

a. Tenlperatures
Temperature requirements were derived from _,ind tunnel data and heat transfer analyses,

then later substantiated and/or modified by ground vehicle test data (S/C 008), and flight data.

Flight data from S/C 009 and 011 boost conditions indicate Service Module (S/M) shell temper-

atures of about 200°F which is within the 400°F design temperature.

The S/C 008 vehicle was tested in a vacuum chamber, w.ith solar heat generators and cold

walls, to verify orbital temperature distribution. These tests confirmed that the equipment in the

C/M will experience temperatures in the +300F to +90°F range. The equipment is qualified to

temperatures from +50F to +14:5°F.
b. Acceleration

Acceleration test levels were defined on the basis of ma.,dnmm conditions expected during

boost, entry, and abort. The peak acceleration during ascent occurs just prior to first stage separ-

ation and is 4.9 g along the x axis: lateral accelerations are much lower (1.85 g maximum at

lift-ofl). The peak acceleration for the mission occurs during abort or entry, and is expected to be

10 g. Test conditions are typically 6 g along each of 3 mutt'ally perpendicular axes for S/M

equipment and 20 g for C/M equipment. Acceleration levels experienced during the S/M 011

flight were well within expected limits.
c. Vibration

In this area of testing for the effect of repeated str_ses there are ttade-o[f'_ between the level

of strens introduced by ,,ibration and the number of times stresses of a given level are repeated.

Thus, a given level for a given time may be a proper simulation of a higher level for a shorter

time period and may give a more useful answer than the latter. These facts are reflected in the

qualification test program for the 012 Spacecraft components.
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(1) Apollo Program Testing
The vibration levels for qualification testing of components were originally established on

the basis of data from other programs. These datawete used to define a spectrum of flight vibration

levels which would be expected along each axis of the Spacecraft throughout the frequency range

of 20 to 2000 cycles per second. The components were qualified by subjecting them to a random

vibration throughout this frequency range at .the expected flight level. The length of these tests,
which was 15 minutes along each axis, was several times the expected duration of vibratory exci-

tation during atmospheric flight. Some component vibration tests were conducted using electro-

magnetic shakers and the remaining components were tested with acoustic excitation.

Ground test Service Module 006 and Service Module and Command Module 007 were

acoustically excited in a reverberation chamber at a level which corresponded to the estimated.
external vibration levels which would be applied to the complete Spacecraft in actual flight. These
tests showed that the interior vibration levels which were experienced by the components were high-

er than the originally established criteria. New criteria, corresponding to the levels obtained in

these ground tests on 006 and 007, were established and all components were requalified to this

higher expected flight level. The duration of the new component qualification tests was decreased
to one-third, that is, from 16 minutes per axis to 5-1/3 minutes per axis. The 5-1/3 minutes dur-

ation is still three times the amount of time the Spacecraft .will .experience significant vibration levels

during the ascent flight out of the atmosphere.

The flight test data frGm Spacecraft 002, 009, and. 012 verified the flight vibration level

criteria used in the ground tests of 006 and 007.

Components used in flight spacecraft are given flight acceptance vibration testing which

is like the qualification testing except that the vibraton level is 25 per cent of the expected flight

level and the duration is only about one (1) minute.

No complete flight spacecraft, including 0!2, was given flight acceptance vibration tests.

(2) Vibration Test Philosophy
There are two basic philosophies regarding flight acceptance vibration testing. Some be-

lieve that flight acceptance vibration tests are an essential tool in verifying that a component or

system of proven design (proven in qualification testing) does not have workmanship defects. Others
believe that flight acceptance vibration tests of actual flight hardware may degrade the equipment

and produce incipient failure. This possibility of potential degradation of flight equipment is very
real. A dilemma is presented, therefore, in deciding how to best insure reliability of flight hard-

ware and to balance the risk .of having undetected defective hardware against the risk of creating

an incipient failure in the acceptance test. This dilemma is particularly acute in manned flight

programs.

At the component level, this risk was balanced on the Gemini program by acceptance

testing at 75% of the expected flight level and on Apollo by acceptance testing ar 25% of the flight

level. Both programs tested the components for a duration of one (1) minute in each axis. The
reduced levels and durations of the tests were such that defective items would likely be noted but

",he risk of creating incipient failure was minimized. In Gemini one complete flight spacecraft(No. 2)

and the first manned flight spacecraft (No. 3)were subjected to 75% flight level vibration testing.

This testing revealed no design or workmanship deficiencies. At that time, it was decided to elim-

inate testing of the follow-on Gemini Spacecraft. In Apollo, no complete spacecraft intended for

flight has been given vibration acceptance tests.
d. Shock

Shock levels for the C/M and S/M were determined analytically and then modified by flight

and landing impact test vehicles. There are no significant flight shock levels for the S/M and the
Service Module/Lunar Module Adapter (SLA). The C/M equipment is tested to shock levels of

78 g's. The maximum shock level measured was 75.8 g's on the main display console during

drop number 104 on S/C 2S.1, which represented a "worst-case" water drop.
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e. Test Levels on Two ECS Components

As typical examples, the following are some of the specific environmental test levels imposed

on two Environmental Control System components during the qualification test program:

i

ii

Temperature

Vibration

Acceleration

Shock

Service Module

(Nitrogen Regulator Used

as Typical Component

0 - 200 ° F.

0.I g2/cps

90- 250 cps, decreasing

to 0.012 at 2000 cps

7 g's along tile longitudinal axis

Not applicable

ii

Command Module

(Oxygen Flow Restricter

Utilized as Typical

Component)

Fluid flow governed temperature

extremes on this item, rather than

the cabin atmospheric temperature

0.06g2/cps,

80 - 400 cps, decreasing
3 dh-oct, to 2000 cps

20 g's, 5 minutes per axis

78 g's (ECS equipment also.

receives tumbling abort shock
test)

f. Results of Environmental Review

In reviewing the environments, and the manner in which they were implemented into tests,
it appears there is a fundamental difference in philosophy in the way Apollo and Gemini programs
treated the vibration enviromnent.

There are two prevailing philosophies concerning acceptance vibration. Some feel that vibr..a-

tion is a very effective acceptance "'tool'" for exposing defective workmanship. They teel that flight
hvrdware should be acceptance tested vt expected flight level vibration for a short period, but

only if the equipment is qualified to flight levels for long periods. Others feel that if the flight
equipment is vibrated at flight levels for acceptance, it will bc degraded.

In the Genfini program the former philosophy prevailed. Equipment wvs qualified to greater

tht,,n flight level vibration for 1'5 minutes per axis, which permitted several one minute acceptance
vibration tests. The Apollo program qualifies equipment to vibration tor only 320 seconds per
axis, which pe,'mits only limited higtl level vibration acceptance tests.

I tigh level vibration acceptance tests expose amplitude sensitive faults in wiring connectors,
such as cold solder joints. These faults, if not exposed and corrected, can eventually bc manifested

as failures by subtle combinations of other environments, such as pressure-temperature.

D. FINDINGS AND DETERMINATIONS

1. FINDING

All crew compartment equipment was not tested to be explosion proof.

DETERMINATION

There was insufficient testing of possible ignition sources.
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2. FINDING

Crew compartment equipment of C/M 012 was exposed to water ethylene glycol contamination,

Untested cleaning techniques were employed for that equipment discovered to be wet,

3. FINDING
Some of the C/M cabin equipment exhibited arcing or shorting during either certification or S/C

012 testing. There. is no positive way to determine from the records reviewed whether S/C anomalies

(possibly caused by a short or an arc) are reviewed by systems engineers and the test conductor prior

to a test.

DETERMINATION

Review of possible ignition sources prior to manned testing was inadequate.

4. FINDING

Not all equipment installed" in C/M 012 .at the time of the accident was intended to be flown.

Some components ,were installed for test purposes only.

DETERMINATION

The suitability of this equipment in the C/M for this test was not established,

5. FINDING
Non-certified equipment was installed in the C/M at the time of the accident. The "cobra cable"

P/N V16-601263 and "T" adapter P/N V16-601396 are examples.

DETERMINATION

The suitability of this equipment in the C/M for this test was not established.

6. FINDING

The design required the mating and demating of "hot" electrical connectors as normal crew pro-

cedure, Changing to a spare "cobra cable" is an example.

DETERMINATION

The practice of breaking "hot" electrical circuits introduces fire initiation hazards.

E, SUPPOR_NG DATA

This section contains the following Enclosures to which Section C refers:

Enclosure

2-I

2-2

2.3

2-4

2-5
2-6

2-7

2-8

Vehicle Test Summary

Summary of oxygen test history of component level tests
Not Used

Summary of significant certification test anomalies involving possible ignition sources

Summary of significant C/M 012 anomalies involving possible ignition sources

Summaries of other oxygen fires

Glossary of terms
List of References
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SUMMARY OF OXYGEN TEST HISTORY OF COMPONENT

LEVEL TESTS

Total Equipments in Cabin by Subsystem which lJse, Control or Distribute Electricity

SUBSYSTEM

Pyro Devices

Sequence Systems

Environmental Control

System (ECS)

Crew Equipment

Stabilization gc Control

System (SCS)

Guidance _: Navigation

(G_:N)

Instrumentation

Communi cations

Electrical

Displays and Cont.

Subtotal

GFE

TOTAI.S

NUMBER

2

6

fi8

3

12

19

12

32

47

14

15

215

230

i i

NUMBER RECEIVING EXPLOSION TEST

i

0

0

32

I6

0

11

Received MIL-STDgl0

Explosion Proof Test

Qualified by Similarity

Received 02 Test at 14.7 psia

18 Received O2Test at 14.7 psia

0

14

0

0

Received 0 2 Test at 14.7 _ia

3

I

96

Received MIL-STD 810

Explosion Proof Test
Received 0o Test at 14.7 psia

,15 Equipments receiw'd MII.-STD 810 Explosion Proof "l'est

44 Equtpments received Oxygen Tests at ! t.7 ps;a.
G&N Oxygen Test duration was 22 hours. All other Oxygen Tests were 4 hours duration.

Remaming equipments recetved oxygen tests at 5 psia pressure, with duratton varying from one
hour to fit0 hours. Morst of the ECS component _, w,,re tested for 640 hour_.

ENCLOSURE 2-2
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SUMMARIES f)F OTitER OXY(;EN I:IRE5

A review of one unmanned and four manned experiments in which there were fires shows that the

exact ignition source in four of tide fires was undetermined. They were believed to be electrical in

nature. The only fatalities.occurred in the two accidents in which there was a flash fire. In all five

fires, inadequate safety precautions had been taken to.either prevent or cxlinguish the fire or to protect
the occupants.

BROOKS AIR FORCI:. BASE, SEPTEMBER 9, 1962

A fire occurred in the Space Cabin Simulator at Brooks Air Force Base on September 9, 1962.

Test conditions, were 5 p.sia 10(1 Iwlcem oxygen and the test had been in progress fourteen clays
at the time of the fire. The odor removal system used activated charcoal and the Carbon Dioxide
(CO2) removal system had an aluminum cover and consisted of a 500-pound bed of a mixture of 8¢)-

percent calcium hydroxide and 20-percent bariui'n hydroxide. The Environmental Control System cir-
culated cabin aid" progressively through the hydroxide, the charcoal, through tide. temperature controller

(electric heater and refrigerant evaporator coil), then through an ahuninum duct to the circulation, fan.

From the fan. ducts distributed air. over the area behind the electronic test panel (cyclomotor). The

air then leaked through openings in the panel back into tide cabin. Both occupants wore pressure suits

and one was asleep. Immediately upon noticing a glow behind the cyclomotor, one occupant awoke
the other, grabbed a (:()o extinguisher, and fought the fire until he collapsed horn ._mokc inhalation.

The awakened occupant immediately opened his face plate with the apparent intention of donning, an

oxygen mask, but he collapsed from smoke inhalation before he could get a mask or assist in exting.
uishing the fire. t3oth occupants were treated for smoke inhalation and neither received burns. ]'here

was no flash fire and damage was confined to the end of the chamber in tide vicinity of the cyclo-
motor. Photographs of the aluminum duct immediately downstream of the temperature controller show

definite signs of an implosion-explosion in the duct with a three-inch to four-inch diameter hole

burned through one duct wall at the center of the imploded area. This was never fully clarified during

the investigation and testimony revealed insufficient fucl had been consumed (burned) in the vicinity
of the holc to melt the aluminum. Testimony also revealcd that a small explosion could.have occurred

in the duct without being heard by either of the helmeted occupants. The investigating board con-
cluded that the most likely source of ignition was a short or arc in an undetermined electronic com-
ponent behind the cyclomotor panel.

BI_OOKS AIR FORCE BASE, JANUARY 31, 1967

:\ second fire occurred on January 31, 1967, in the same Brooks -kir Force Baso facility described

in the first accident. Test conditions were 7.2 psia 100-pc:cent oxygen. "/;he test was in the first day
of. a. planned 67-day test to study.hematology of 16 rabbits. Two men had been. in-the simulator 12

minutes at the time of the fire, which was fatal to both. Both men suffered second and third degree
burns over 90 percent of their bodies. An outside obse_,cr _,,;itnessed a flash fire which engulfed the

chamber. A final report by the investigating.board is at present unavailable and details of the facility
design, and its differences with the design at the time of the 1962 fire, are therefore also unavailable.

Ho_,vever, progress reports of the investigating board have provided the following information. Examina.

tion of the blower motor after the fire showed that the impeller was binding against the motor case

and application of power to the motor resulted in blowing the fuses. Relationship of the motor mal-

function to start of the fire has not yet been determined. The motor was downstream of the CO2
absorbent bed. A short has been positively identified in an unspecified electrical fixture. The unanimous

opinion of the investigating board and its observers-advisors and consultants is that the most probable
cause of the fire was the existence of a combustible atmosphere within the chamber. The combustible

atmosphere is believed (by the board) to be primarily hydrogen and possibly included hydrocarbons

as a resuh of the animal experiment. Experiments conducted on-site have conclusively shown that the

CO2 absorbent reacted with water and aluminum and g"ueratcd hydrogen. The ducting and the CO,_

absorber materials are the same as at the time of the 1962 fire; i.e., 80 percent calcium hydroxide an_t

20 percent barium hydroxide in aluminum ducting. There is evidence of intense heat in the Clio ab.
sorbent bed and intense exothermic chemical reactions wcre present in the air conditioning duct." I'his

ENCLOSURE 2-6
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can be explained by an additional reaction which would have resulted from aluminum and iron oxide

being reacted in the presence of a hydrogen-oxygen flame which can cause fusing of metals such as

stainless steel, chromium, and other metals. This is known as a "'thermite reaction" and the AF Ma-

terials Laboratory has determined that it can be initiated at 2352°F, the reactants being stainless steel
and oxygen. The reaction is self-sustaining and reaches a temperature of 2550 to 2650°F. The reaction

is suppressed in the presence of steam or about 35 percent CO 2. A possible source of the initiating

temperature is the burning tape which was around the top of the COo absorber-filters. This tape can

initiate theoxygen/stainlesssteel reaction in three seconds, in 14.7 psia oxygen, but its burning tempera-
ture is as yet unknown in 7 psia oxygen. The CO 2 fire extinguishers were not removed from their

holders and examination of the three oxygen regulators show no indication of malfunction. Ignition
sources were considered by the investigation board to include an arc from an electrical short, an elec-

trostatic spark, a friction spark, spontaneous oxidation, heated surfaces (particularly those which might
have been in the C02 absorbent bed), heated surfaces from friction.or hot wire, the electrical motor

downstream of the CO 2 absorbent bed, clothing which might have ignited on.contact with a heated

surface or as a result, of spontaneous oxidation, or ignition of a sponge, chair cushion, or rabbit fur

from either an electrostatic discharge or spontaneous oxidation. A short in a lighting fixture wire was
determined, to be the most probable sourcc of'ignition.

NAVY EXPERIMENTAL DIVING UNIT, FEBRUARY 16, 1965

A fire occurred in the decompression chamber of the Navy's Expcrimental Diving Unit (EDU)

at' Washington, D.C. on February 16, 1965. Conditions at the time of the fire were 28-percent oxygen

36-percent nitrogen, and 36-percent helium at a total pressure of 55.6 psia (92 feet depth) or an
oxygen partial pressure of 15.6 psia. About eleven minutes after entering the chamber (via a lock)

from an adjacent chamber at 126 psia (250,foot depth) one of the divers reported the fire. Two ob-

servers at a viewing port observed a fire four inches in diameter and two feet high coming from the

CO 2 scrubber immediately prior to a flash fire which engulfed the entire chamber. During the next
minute, chamber pressure rose to 130 psia (260-foot depth). Attempts to rescue were unsuccessful and

both occupants died. Thc COo scrubber was portable and was designed for use as an emergency
device for submarine atmospherc control and consisted of a tub containing six cylindrical tubes. The

center tube contained the fan motor and outer tubes contained four CO2 absorbent canisters and

one filter element. Flow of chamber air through the scrubber was down through the four absorber

canisters and up and out throug-h the filter unit. The absorber dements consisted of a cylindrical metal
can with metal screens on each end. The metal cylinder and screen materials are unidentified. The

absorber chemical was the same as that in use at the time of both B_ooks' fires; i.e., 80 percent cal-
cium hydroxide and 20-percent barium hydroxide. The 'hub" which housed, the entire scrubber, assembly

was made of an unidentified metal. The filter eh'ment was made of convoluted paper (probably Kraft)

cylinders supported on the inside by a perforated metal (iron) cylinder and at; the ends with "stamped

aluminum covers cemented to cardboard rings which are in. turn cemented to the convoluted paper.

Each unused unit weighs 2.]. pounds of which paper and cemented end rings comprise 1 pound. In-

vestigation determined that primary use for this filter was in hydraulic systems and in the fuel systems
of jet aircraft, and that common practice is to test every single filter element by immersion in an
organic liquid and, while submerged, blow air through the filter to see if flaws existed at tile seals

of the paper. Tests were performed on two unused filter elements identical in design to the accident-

involved filter. An acetone extraction on one showed that it probably contained about 0.3 to 0.4 pounds

of kerosene-like liquid. This is consistent with the filter specification which lists maximum dry unit weight
at 1.8 pounds. This also shows that the dry weight of the paper and end rings is 0.7 pound, arrived
atby_ubtractingtoml_vieghtc_f metal ¢'2.1-1.0=l.l_fromthe l .S pounds total dry weight. A second filter

was placed in a C() 2 scrubber, without CO2 absorbent installed and operated for 2 hours. From this
test, it was determined that the volatile liquids would be removed from the filter in 5 to 10 hours

depending upon temperature and flow rate through the unit. The accident-involved filter was one of

two supplied with the scrubber which had 1-1/2 to 2 years of intermittent use and the time logged on
each filter is unknown. The used filter not involved in the accident had no "'hydrocarbon" odor and an

acetone extraction of the paper revealed a weight loss of only 10.2 percent compared to 36 percent loss

on an unused filter. ,Samples from the used filter and an unused filter were subjected to high-frequency
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discharge (Tesla coil) in a stream of.oxygen. The unused filter ignited easily and the flame spread

rapidly whereas the used filter required 5 t:_ 7 seconds of continuous discharge, ignited at the edge of .

the paper, and did not burn readily. From these tests, it was concluded.that most or all of the easily

ignitable material (hydrocarbon) had been removed from the filter by use prior to the EDU fire and

that a rather strong ignition source would have been required to ignite it. A bench test of the scrubber
motor after the fire showed that it ran at a reduced speed and rapidly overheated, the condition being

caused by faulty operation of the centrifugal throw-out switch which resulted in the motor running on

starting windings. The EDU had no provisions for odor removal (such as activated charcoal). The fire
caused extensive damage including complete consumption of untreateed cotton terry-cloth bath robes
and about twelve feet of flexible air conditioning duct made of fabric-covered spiral wire. Untreated.

cotton mattresses with flame-proof cover_ were partially consumed. About five feet of the rubber on the

unarmored electric cord to the portable scrubber was consumed as was rubber of armor-covered cables

directly above the CO 2 scrubber, A simplified calculation by Naval Research Laboratory personnel

showed that the pressure rise experienced during the fire would have caused a 761°F temperature rise
and that the temperature rise would require the burning of only about 1.1 pounds of cellulosic material, .

i.e., cotton or perhaps wood-based paper in the filter. The investigation concluded that the most pro--
bable cause of the fire was the overheated scrubber motor causing spontaneous .ignition of the filter

element in a high,oxygen atmosphere. Fire extinguishing equipment consisted of a bucket of sand and
a bucket of water, neither of which was used.

NAVY AIR CREW EQUIPMENT LABORATORY, NOVEMBER 17, 1962

A fire occurred, in the Navy's Air Crew Equipment Laboratory (ACEL) on November 17, 1962.

Test conditions were 100 percent oxygen at 5 psia and the fire occurred on the 17th day of the test.
The fire started on the insulation of the ground wire to a light fixture. The ground wire was loose

and an arc ignited the insulation. One of the four occupants tried to smother the fire with a towel

which also ignited. Further attempts with an asbestos blanket resulted in ignition of the blanket and

clothing worn by occupants. Subsequent attempts by all four to extinguish fire on the clothing of others

resulted in the ignition of the clothing of all four, generally on the sleeves and pants legs. One occu-

pant's hand caught on fire. All occupants escaped in about 40 seconds after first report of the fire
and all were treated for first and second degree burns over 15 to 20 percent, of their bodies. Immedia-

tely after exit of the occupants the door was closed, the" chamber taken to 80,000 feet and purged for
20 minutes with C()o to extinguish the fire. There was no flash fire and there were no extinguishers

in the chamber.

APOLLO. ECS. FIRE AT AIRESEARCIt TORRANCE FACILITY, APRIL 28, 1966

A fire occun'ed in an unmanned qualification test of the Apollo F.nvironmenta4 Control System at

Torrance, California, on Al._ril 28, 1966. Test conditions at, and 23.5 hours prior to the fire, were 100

percent oxygen at 5 psia. Prior to bringing the test up to 5 psia, the test had included 2A56hours

at 10-.t millimeters of mercury (l'orr'_. l'lw investigating board concluded that the most probable_.ause
of the fire was failure of a commercial quality strip heater used to add heat to the steam duct. The

strip heater used polyvinyl chloride (PVC) insulation and the manufacturer's temperature rating was
167"F continuous, 190*F maximum in air. "l'here was a sharp bend in the heater strip bear ing against an ECU

power lead splice at the heater strip entr.v into asbestos tape wrapped over the steam duct in the test set.up.

Under high temperature conditions, the heater tape wire was demonstrated to extrude through the PVC
insulation and a fire was initiated under simulated test conditions. Three other ignition causes were

considered as possibilities. Strip heaters of the same type as above, but covered with aluminum foil,

were on the potable water and dew point line sensor. Deterioration of insulation could have caused a
short between one of the wires and the aluminum foil. Dew point measurements within the cabin showed

that some metal surface temperatures were such that water could have condensed on them causing

arcing on open terminal strips, unpottcd connectors, or the 400-cycle unit, igniting adjacent materials.
One of the ECU high pressure oxygen check valves, which use an elastomcric (DPI_,) seal, was severly

damaged and it was theorized that high pressure "'impact" of the 900 psia oxygen could have ignited
the EPR. AiResearch ran a series of 3000 psi impact tests without ignition, and although the test rc-

suits were not absolutely concht_ive, it wa_ concluded that this was the least probable of the possible
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causes presented. Other damage caused by the fire included excessively burned insulation of the test

set.up wiring, . fusing and burning of ECU wire harness, and burned polyurethane foam insulation on

the oxygen and water-glycol lines. The investigating board concluded that, although 16 components had

malfunctioned prior to and during the test and 18 had failed due to damage by the fire, the ECS quali-

fication unit was not the direct cause of the fire. Also, test equipment and materials were improper for

the environment, there was no fire detection or extinguishing equipment, and there were no emergency
procedures. The board also concluded that improvement in the selection of some materials used in the.

ECS and the Apollo Command Module (C/M) could be made to control fire. Also, the C/M electri-

cal circuits and wiring have potential hazards from arcing or direct short circuits. Also concluded

was the fact that AiResearch procedures and documentation were inadequate, that quality control (QC)

personne? were provided inadequate direction and that a NASA Test Readiness Review might have

precluded the incident. The board recommended that all action necessary be taken to preclude initia-

tion of a fire in the C/M with special emphasis on adequacies of wire bundle derating, circuit breaker/
wire compatibility, and elimination of all possible nonmetallic materials in contact with wire bundles.

The board also recommended the imposition of nonmetallic materials specification requirements on all

contractors and other suppliers of flight equipment, and to strengthen the materials selection-and applica.
tion program.

APOLLO ECS EXPLOSION AT AIRESEARCH, APRIL 13, 1965

An explosion occurred in an unmanned qualification test of the Apollo ECS at AiResearch on

April 13, 1965.Thc explosion occurred after 127 hours of a planned 141-hour test. Conditions were corro-

sive contaminants, oxygen, and humidity (CCOH) per qualification test procedure SS-1224-R, para-
graph 6.8. Failure reports were prepared for four components; a sensor (P/N 820110-1), a fan (P/N

826310-2-1), a valve (P/N 850028-1-1), and an absolute pressure transducer (P/N 837044-1-1). The ex-

plosion was determined to be the result of polyurethane foam swelling underneath a water tank causing
a suspended electrical immersion heater to touch the bottom of the tank. Sufficient localized heat was

generated to ignite the oxygen-saturated foam. Electrical connections did not indicate evidence of short-

ing and it was noted that all units were operable after the test was aborted. Corrective action included

use of Teflon sheets in place of polyurethane foam and neoprene to isolate the units electrically, connec-

tion of the unit mounting frame and tank to a common ground, potting of heater leads, installation
of a commercial submersion heater in the water tank by welding a boss.

APOLLO ECS EXPLOSION AT AIRESEARCH, JULY 1, 1964

An explosion occurred in unmanned qualification test in the explosion proof chamber at AiResearch

on or about July I, 19fi.t. The test had been in progress 30 minutes and test conditions were in accor.

dance with explosion proof test SS-1218-R, paragraph 6.9.2. A cabin air temperature sensor, P/N

820100-1, was damaged to the extent that the glass bead around the thermistor was bubbled andpitted
from the heat. Conchtsion as to the cause of the explosion was that the insulation around the heater

coil broke down from heat inside the explosion chamber while the explosion proof test wasin progress.

Corrective action was to retest the sensor for temperature versus resistance per SS.III3.R, revision 1.

paragraph .t.2. The sensor was rctestcd, witnessed by NAA and Air Force QC, and released for future
testing on July I, 196.t
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GkOSSARY OF TERMS

APS

AFB

AS

BTU

CC

C/M

Cm2

CO 2

cps

CTN

CTR

DR

db

ECS

FPS

ECU

ECA

FR

OF

g

g2 CPS

GSE

GT

112(I

IIZ

Apollo Problem Summary

Air Force Base

Apollo/Saturn

British Thermal Unit

Cubic Centimeter

Command Module ,

Square Centimeter

Carbon Dioxide

Cycles Per Second

Certification Test Network

Certification Test Requirement

Discrepancy Report

Decibel

Environmental Control System

Electrical Power System

Environmental Control Unit

Electronic Control, Assemblies

Failure Report

Degrees Fahrenheit

Acceleration Due to Gravity

Vibration Power Spectral Density

Ground Support Equipment

G_ '-i Titan

",__ter

Frequency In Cycles per Second
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IMO

LB

LiOH

LM

MA

MEK

MIL STD

MSC

MSOB

NA

N2

OCP

0 2

P'N

PSIA

QD

S'C

SI.A

S M

S'N

TORR

VAC

VDC

GLOSSARY OF TERMS (Continued)

Inertial Measurement Unit

Pound

Lithium .Hydroxide

Lunar Module

Mercury/Atlas

Methel Ethyl Ketone

Military Standard

Manned Spacecraft Center

Manned Spacecraft Operations Building

Not Applicable

N itroge n

Operational Checkout Procedure

Oxygen

Part Number

Pounds Per Square Inch Absolute

Quick Disconnect

Spacecraft

Spacecra[t/Lunar Mo(tule Adapter

Ser'¢ice Module

Serial Number

Millimeters of Mercury Vacuum

Volts Alternating Current

Volts Direct Current

_h'ater Glycol

D.2-28



2-1

2-3

2-4

2-5

2-6

2-7

2-8

2-9

2-10

2-11.

2-!2

2-13

2-14

2-15

2-16

2-17

2"18

2-19

2-20
2-21

2-22

2-23

2-24

2-25.

2-26

2-27

2-28

2-29

2-30

2-31

LIST OF REFERENCES

Memorandums generated by Panel 2.

Response from MSC concerning:

a. Unqualified equipment on S/C 012.

b. Significant arcing and shorting anomalies.

c. Explosion proof testing.

Discrepancy reports supporting Enclosure 2-7.

Oxygen exposure and failure data of vehicle level tests.

Oxygen exposure history of component level tests.

Discrepancy reports and failure reports regarding water/glycol leaks in the ECS.
Elapsed Time Indicators qualification data.

Failure survey for possible or highly probable fire initiators.

Environmental Control System qualification requirements.

Acceptance Test Procedure ..\iResearch Rpt. SS-110-R, Rev. 1 dated 10-2-64.
Interim Change Notice A to above dtd. 12-2-64.

Acceptance Test Procedure AiResearch Rpt. SS-1720 !-'. dtd. 9-20-65.
Inter.ira Change Notice E to above.dtd. 5-11-66.

Group 1 Qualification Test Procedure AiResearch Rpt. SS-1274-R, Re,,'. 2 dtd. 10-.i-65.

Group 1 Qualification Test Report AiResearch Rpt. SS-1474-R, dtd. 3-21-66.
Errata to above dtd.. 9-7:66..

Group llI Qualification Test Procedure AiResearch Rpt. SS-1507-R, Re,,'. 1 dtd. 8-30-65.

Group II I Qualification Test Report AiResearch Rpt. SS-1807-R dtd. 4-12-66.
Errata to above dtd. 9-29-66.

Enviromnental Control System Procurement Specification NAA No. MC901-0215, Rev.
G, dtd. 8-31-66.

Goodyear Aerospace Rpt. GER-12246 dtd. 8-21-65.

U.S. Naval Research Laboratory Rpt. 6090 dtd. 7-28-64.

U.S. Naval Research Laboratory Ltr. 6130-56 dtd 3-23-65.

U.S. Naval Research Laboratory Ltr. 6130-41 did. 2-25-65.

U.5. Naval Research Laboratory Ltr. 6180-39, dtd. 2-25-65.

Fire at High Pressure by,] .V. Hatter, dtd, 3-24-65.
Preliminary Report AiResearch Fire dtd 4-28-65.

Final Report :\iResearch Fire dtd 4-28-66.

Report of Fire at Naval Air Crew Equipment Laboratory undated.
Report of Fire at Air Force ..\erospace Medical Division dtd 10-9-62.

13 Photographs of fire at :\,1". Aerospace ,Medical Division undated.

Group of TWX's regarding fire at Brooks AFB on 1-31-67 Progress Rpt. No.'s 5, 6,
7, and 8.

NAA Failure Notification AR-TR-64-242 dtd 2-2-65.

AiResearch Trouble Rpt. 4769 dtd 1-28-65.

Notebook of 40 photographs of S/C 012 in and around 1501! canisters.

ENCLOSURE 2.8

D. 2.29



REPORT OF PANEL 3

SEQUENCE OF EVENTS

APPENDIX D-3

TO

FINAL REPORT OF

APOLLO 204 REVIEW BOARD

D-3-1



SEQUENCE OF EVENTS

A. TASK ASSIGNMENT

Analyze data obtained immediately prior to and during the fire incident including digital, ana-

log, voice communications, photography, etc. Data should display significant events as they occurred

with precise time tag. Time histories of all continuous or semi-continuous recorded parameters, cor-
relation of parameter variations and events shall be recorded as well as interpretation of the results

of said analysis. Where pertinent, normal expected variations shall be compared with those ac-

tually obtained.

B. PANEL ORGANIZATION

1. MEMBERSHIP:-
The assigned task was accomplished by the following members of the Sequence of Events Panel:

Mr. D. D. Arabian, Chairman, Manned Spacecraft Center (MSC), NASA

Mr. It, Creighton, Kennedy Space Center (KSC), NASA.

Mr. W. Jewel, Kennedy Space Center (KSC), NASA
Mr. W. Eekmeier, North American Aviation (NAA), Kennedy Space Center

Mr. A. Tischler, North American Aviation (NAA), Downey

2. COGNIZANT BOARD ME*IBER:
Dr. M. Faget, Manned Spacecraft Center (MSC), NASA, Board Member, was assigned to mon-

itor the Sequence of Events Panel.

3. PANEL CONSOLIDATION:
Panel 3 served as a separate Panel from January 31, 1967 through February 23, 1967. The Panel

was dissolved on February 23, 1967 and merged with Panel 18. This merger was accomplished to

better support the Apollo 21)4 Review.

C. PROCEEDINGS

1. GENERAL DESCRIPTION OF THE DATA SYSTEM

a. The engineering data used in the determination of the sequence of events was obtained from

the spacecraft instrumentation system and is presented in Enclosure. 3-1. This system, consists

of the following main elements:
(1)The instruments in the Command Module which measured about 400 items such as volt-

ages, temperatures and pressures.
(2) A signal processing system in the Command Module whicl" converts the physical parame-
ters measured into a form suitable for transmission.

(3) The hard:line and radio transmission links which carry the converted data to the ground.
(4) The ground system which provides permanent tape records of the data obtained and also

provides the various kinds of real-time displays of the data required to conduct the test.
(5) The instruments in other parts of the Space Vehicle and Ground Support Equipment

systems. These instruments provide data to the ground recording stations in a similar manner
as for the Command Module.

(6) A communications network for voice transmission between the various groups associated
with the tests inc,luding the Command Module crew.

Enclosure 3-2 is a simplified schematic of the data system in use in Spacecraft (S/C) 012

and on the ground during the Plugs Out Test and shows the general elements within the Space-
craft and the radio and hard-line links to the main ground stations at John F. Kennedy Space
Center (KS('.). Data were also transmitted from the KSC ground stations to other sites such as
the Air Force Eastern Test Range (AFETR) and to the Manned Spacecraft Center (MSC)

in ltou_ton
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b. Because of the large tuunber of measurements which are'made in the Command Module, and

itx the other systems itx the Spacecraft, it is impossible within the present state-of-the-art to provide

continuous itxformation on each measurement made. This is true for both ground tests and space

flight operations. A system is used, therefore, which provides periodic sampling of each measure-'

ment. The sampling system used is the Pulse Code Modulation (PCM) system. This system takes

samples of each mcasurcmcnt a predetermined number of times each second. The sampling rate

varies from 200 per sccoud on parameters which arc expected to vary rapidly sometime during

test or flight operations to one per second for paraweters not expected to vat3" rapidly. The fi-.

hal record, therefore, provides samples of data from each measurement permitting a near contin-

uous record to be constructed. This may not' bc possible if rapid variations in the .measured quan-

tity occur. Rapid variations between sampling times are not recorded. However, a change may

be detected when the parameter is satupled even though the actual initial variation of the param-

eter, or the precise time the variation occurred, cannot be determined. This condition may provide

clues to the nature of events that are not fully recorded.

_. q'be signal processing equipment in the C.ommatxd Module converts the sampled data into a

binary code. This code consists of "'words" each of which are eight "'bits" long. The Com-

Iuand ,Xlodulc PG,M system transmits 6400 "'words" pet" second arid, therefore, 51,L_0 "'bits"

per secotld.

|'ach "'word" corresponds to- a particular value of the parameter being measured. Such

a "'word" is also called a "'coutlt.'" The full scale range of each measuring irtstru'ment is di,

vided into 2,_4 "'coutlts.'" :\ change, ho_'ever, in a. "coutlt" .(or "'word"), does not txccessarily

correspolxd to a real change in the parar.xeter being measured. This effect is obtained because

"noise" is inherent in information transmission and processing system. The "'noise" cat\ cause

t'hauges ill "COUttts." Carefttl cxanlination of records is required to distinguish between

real chang'es in magnitude of the parameters being measured and apparcm magnitude changes

which are due to "'no|st.'" This result is particularly true when the "'twisc" produces a one.

"count" chatlgc bctweetl two adjacent uleasurement levels. In getxeral, a one "count" change

does not reflect a rcal change in level of the measured parameter, particularly if one "'coum'"

fluctuations have occurred for an extended period.

2. SEQUENCE O1." I:,VENTS
a. On the uwrtxing of January 97, 1967, a test of S C 012 commenced. The purpose of the test

was to verify systems operatioti in a simulated launch, axxd to exercise countdown procedures in

preparation for actual launch. The test was identified as a.Space \ebtcl" Plugs Out hxteg'rated

Test OCP. FO-K 0021-1 in which the spacecraft would bc electrically disc.mmccted from the Ground'

Support l-q_liptnent _GSE) hv removing the umbilical connectors normally disconnected at the

time of launch. ._ ,..
},5. Sl.xicecraft ptawer bttses wcrc ctlergizcd ,it, |.:'5,5 G.XlT(7:b5 a.tu. EST) and subsystcnls wore

activated ,uxd checked in preparatioll t'or crew ingress which occurred about five hours later at 18:00the

G.MT. At the titue the ,%pacccrztft Commander changed from the closed-loop ventilator to

['_n'¢irotltllel|tal l,__oiittol hvstetn tt'_._SL he stated therc was all ode[ like "soul_ milk" in the suit circuit

loop. lngre_ of the l:'ilot atxd Senior Pilot continued mid at 18:21) GMT, :he couutdown was

held for Bcndix support personnel to obtain a gas sample from the suit circuit loop for later anal-

ysis of the odor. "['he courttdo,,vn then continued at 19:42 G,SIT with the normal suit circuit

checks, cabin switch checklists, hatch installations, and cabin purge with oxygen followed by the

leak cht'ck of the sealed cabin, l)uring the cabin h.ak checks, the Emergency Detection System

(EDS_ _hich monitors critical functions within the latmch vehicle and i,xdicates to the crew when

an cmergrtwy situation exists, _as checked. By 21:3_) G,M'I', the EI)S and the cabin purge and

leak checks _vct'c titmlly completed. The btwst protective cover which provides thermal protection
-face during launch couhl not be properly latched in place; ho,,vever.

t,, the _p.i, e, ,.,t outer _l_._t, GIlT ,,hera a hold of the cou_ltdo,,It was called for a _ommut_i-
the test contitlued tmtil ....

cations prol_lem. "l'he cre_ became a_are el" the problem, a "'live mike" condition, at 22:21i:48

GMT, arid a series of trouble.shoot|rig exercises was cotldttcted, such as itlterchangitlg the com-

nulnic,ttitms cables f,Cobra (,kablcs) that _:onncct the astronauts" tllicrophol_es and earphones to the

comtlitttlic;Itions t'quii)nwtxt _ithin the ::qsacecraft. ,u_d checking the effect of various communicatiot_
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mode selection of the communications system. The "live mike" condition continued to exist after

the troubleshooting exercises and the cause for this condition had not been determined by the
time of first voice indication of fire. Another communication problem appeared after trouble-

shooting; it was in the ground station and involved the distribution ot the various voice links. Short-

ly after the troubleshooting period, decision was made to proceed with the simulated static firing
of the Reaction Control. System _RCS) thrusters while communications .were still possible. By

23:04 GMT the ground station worked around their problem by pa_ching Spacecraft communi-
cations to Black 3, a specific communications loop. All test personnel were switched to this loop.

By around 23:13 GMT the static firing exercise was completed. Voice check was made between
the crew and the ground. The communications from the crew to the ground were somewhat gar.
bled. At 23:22:27 GMT, the ECS engineers noted an appreciable depletion of the oxygen purge
tank. The Command Pilot had his face plate open which accounted for the change and by about

23:23 GMT the face plate was closed. Still plagued by poor communication, Astro Communi-
cation Console CAST suggested the crew switch to S.band voice link; a communication check with

each of the crew was acceptable. However, some undefined difficulty with tt:e communications

between the Spacecraft and the ground still existed.
c. At 23:28:00 GMT the, count was holding at T-10 minutes and resumption of _he count was an-,

ticipated momentarily. All the systems being monitored through the PCM system by systems
engineers showed normal, operation (particularly the electrical and ECS)at this time. Sixteen,

personnel were standing by at the various floor levels of,. the gantry to provide technical support
as required. Those with specific, functions to be performed at T-0 were positioned in the vicinity
of assigned stations. Movement was reportedly negligible and no work was being performed on

the flight or ground support hardware. Seven persons, were positioned within the Saturn S.IV-B
aft interstage monitoring assigned communication channels or otherwise engaged i-n support co-
ordination. The only kno_n anomaly within the Spacecraft was the "live microphone;' which

was picking up the rhythmic cadence of the Command Pilot's breathing sounds repre_-entative
of a man at rest. In addition, the Senior Pilot's biomedical parameters showed normal resting

levels. During this period, voice transmissions from theSpacecraft confirmed this impression oI
a relaxed situation. The termination of the last relaxed conversational transcript from the Space-

craft occurred at 23:30:02 G.klT.
d. At 23:31:04.7 GMT, the crew call of fire was received over the voice loop. The series of

events during the minute preceding the fire call was extracted from an after-the-fact review of

the data and observation by personnel involved with. the test.

At about 23:30:40 GMT, random sounds other than the normal breathing from the Command

Pilot were evident on.the "live mike." The sounds were similar to those obtained by tapping

or brushing a microphone. The. frequency of the noise occurrences was much greater than noted.
earlier in the test when the mike was "live.'" The.noises subsided several._cconds before the.

crew call of fire. Throughout the one-minute period before the crew call.of fir_, the oxygen
flow to the suit circuits continually increased and reached the upper flow limit of the measuring

system at about 23:30:59 GMT. During this period the torquing signals to the Inertial Measuring.
Unit showed fluctuations _hich were an indication of movement of the Spacecraft. In additim:, bio-

medical data indicates a slight increase of activity by the Senior Pilot. This indication subsided

within the one-minute time period. An assessment of the noises on the voice loop, increasing

oxygen flow to the suit circuits, torquing signal variations to the Inertial Measuring Unit and Sen-
ior Pilot slight increase in activity between about 23:30:40 GMT and 23:30:59 GM1 _ show that

crew activity within the Spacecraft occurred. During the period when the crew was active, the

open channel of the gas chromatograph showed fluctuations commencing at about 23:30:50 GMT.
This fluctuation may have also indicated crew activity because of the antenna characteristics of

the disconnected cable. At about 23:30:55 GMT a momentary dropout of the data being trans-

mitted from the Spacecraft occurred. The C-band beacon also showed an interruption at this
time. The AC voltages on the three phases of inverter Number 2 showed a transient, as did

one of the phases which supplied power to the hand controller.
e. About six seconds before the call of fire by the crew, all systems appeared to be at a steady

or quiescent state, except for the high oxygen flow to the suit circuits The crew call ot fire

occurred at 2"_:'_1 :t_t7 (;\1 I.
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There were two voice transmissions from the Spacecraft. The first transmission, believed to be that
of tile Command Pilot, at 23:31:04.7 GMT reported "a fire in the cockpit." This transmission
ended at 23:31:10 GMT. The second and last transmission, believed to be the Pilot's, started

at 23:31:16.8 GMT atxd ended at 23:31:21.8 GMT. This transmission reported "a bad fire"

followed by two garbled phrases. Coincident with the call of fire, immediate and marked in-
crease in the biomedical measurements from the Senior Pilot occurred. The magnitude of these

readings continued to increase until loss of data from the Spacecraft. Those systems sensitive
to the Spacecraft movement, including tile launch vehicle accelerometers, showed increasing in-

dications of Spacecraft movement. These indications continued until loss of data, which occurred

at 23:31:22AOGMT (6:31:22.40 p.m. EST).

The. wttnesses on station to support the test heard the call of fire. A muffled explosion was

heard next, followed by two loud whooshes of escaping gas as the Spacecraft cabin ruptured from
the internal pressure increase caused by the fire. Flames shot from open access panels. Astronaut

helmet, arm and back movements were observed through the cabin window. The light intensity

from within tile cabin increased, and flames filled the view through the window.

f. Ground power was .switched .fi'om tile Spacecraft at 23:32:46.4.GMT. However, internal bat-
teries had been. switched on the main buses by the crew. at about 23:31:13 GMT so that removal

of ground power did not deenergize the electrical systems within the Spacecraft. Between 23:31:15
GMT and 23:33:00 GMT r_cpeated attempts _.ere.made by the pad crew to enter the. smoke-filled

White Room to rescue the astronauts from the Spacecraft. The fires external to the Spacecraft
continued to burn as hatch removal progressed. At about 23:36 GhlT the hatch was remc;ved

and at approximately 23:43:00 GMT, three physicians arrived from the blockhouse.

g. Detailed events from about one minute prior to the fire to the time when ground power was
switched from the Spacecraft, are sho_n in Enclosure 3.3. (Ground power was removed from the

Spacecraft after loss of all data transmission from the Spacecraft.) The recorded data from the
onboard instrumentation, the ground it_strumentation, and the voice transcripts were used to es-

tablish the events of the enclosure.

3. D.VI'A INDICATION
Some of tile more significant data obtained just prior to tile crew call of fire is shown in En-

closure 3-4. Tlu.'se data cover a period of one milmte before the call of fire until loss of tile data

signals. The data shown include k:arious parameters indicating Spacecraft motion, the "'live mike"
attdio noises on tile Command Pilot's S-band, oxygen flow rate into the suit loop, biomedical indi-

catiom from the Senior Pilot, :\C bus 2 transient and associated effects on the C-band. operation and

VHF telemetry carrier and the gas _chromatograph signal monitor. Each of these subjects is discussed

in tile Report of Panel 18.

D. FINDING AND DETERMINATIONS

l. FINIllNG:
The data recorded fi'om the Spacecraft and ground instr.umentation system during tile Spacecraft

Phtgs Out l'cst worc found to be ,,alid except for three brief dropouts which occurrcd around
23:31:17.4 GMT. 23:31:21.0 GMT and 23:31:21.4 GMT. All onboard data transmission ended at

t)t Iabout ,3:31 22.4/) G.MT.

2. DFTERMIN.\TION:
The ouboard instrumentation system functioned normally prior to and during the initial phases

of the fire. There _,',_'l't" no indicated ntalfunctions in any of tile instrunlentation sensors during

this period.
E. SUPPORTING DATA

l. Enclosure 3-1 Sequence of Events. Final Summa D" Report

2. Enclosure 3-2 Flow of I).lta Ivffortuatitm from S C and Ground Support Equipntent
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3. Enclosure 3-3 Sequence of Events

4. Enclosure 3.4 Data Indications
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1. INTRODUCTION

This report contains the sequence of events frorn about one minute prior to the crew call of fire
to loss of data. The basic data pertinent to the sequence of events are presented in direct-write recorder

form. Abrief discmsion of the data indications for each system is given. The analysis of these data

indications are presented in the final report of Panel 18 where additional data is presented to support
the discussion.

CR

AC

DC

ECS

TVC

PCM

VHF/FM

MTVC

VL'G

S/C

I._tU

OAT

GSE

SRP

EDS

I-tFLT

BPC

CMD

S.kl- RCS

ACE 5 C

ACE

LOS

KSC

EC.k

ECU

SPS

FC

G_,N

PI PA

LEB

FHS

CSM bL.X

LES

DSEA

MCCll

(;.kit

Cathode Ray

4,1ternating Current

Direct Current

Environmental Control System.

Thrust Vector Control

Pulse Code Modulation

Very_ltigh Frequency/Frequency Modulation

Manual Thrust Vector Control

Water -Glycol

Spacecraft

Inertial ._leasurement Unit

Over. All Testing

Ground Support Equipment

Senior Pilot

Emergency Dc_,'ction System

ttouston Flight

Boost Protective (,over

Cotrunand P ilot

Service Module-Reaction Control System

Acceptance Checkouf Equipment Spacecraft

Acceptance Checkout Equipment

Loss of Signal

Kennedy Space Center

Electronic Control Assembly

Environmental. Control Unit

Service Propulsion System

Fuel Cell

Guidance and Navigation

Pulse Integrating Pendulous Accelerometer

Left Equipment Bay

Forward lteat Shield

Command Service Module Saturn I.M Adapter

Launch Escape System

Data Storage Electronic Assembly

Mission Control ('.enter ltouston

Greenwich .Mean Time

ENCLOSURE 3.1

D.3.11



PSIG

PSIA

S/V

NRZ PCM

TPS

EPS

EDU

ADA

CW

MSOB

MOLC

CAST

PLT

MSTC

CGSS

PUGS

SM. A

SM- D

SM

MDAS

VDC

CG

C_:W

PTT

VttF/AM

CCW

RFl

CSM

T R

Pounds Per Square Inch Gauge

Pounds Per Square Inch Absolute

Space Vehicle

Non-Return to Zero Pulse Code Modulation .

Test Planning Sheet

Electrical Power System

Coupling Display Unit

Angular Differentiating Accelerometer

Continuous Wave

Manned Spacecraft Operations Building

ACE Open Loop Communication Station

Astro Communicator Console

Pilot

Manned Spacecraft Operations Building Spacecraft
Test Conductor

Cryogenic Gas Storage System

Propellant Utilization Gaging System

Service Module Quad A

Service Module Quad D

Service Module

Medical Data Acquisition System

Voltage Direct Current

Gas Chromatograph

Caution and Warning

Press to Talk

Very ltigh Frequency Amplitude Modulation

('ounterclockwise

Radio Freq.uency Interference

Command Service Module

Transmit 'Receive

2. SIGNIFICANT EVEN_FS PRIOR TO THE START OF THE FINAL TEST

a. SC ARRIVAL TO START OF PLUGS OUT TEST

August 26, 1966

September 14

Semptember 17

September 19
September 23

September 27

September-29

September 30

Command Module arrival at KSC.

Start of combined systems test
(OCP-VO.0035).

Spacecraft (S/C) power-down for
troubleshooting.

S_ C power-up for OCP-FO-K0035.
St C power-down for OCP-FO-K-0035

troubleshooting.
OCP-FO-K0035 ECS leak checks.

Remove electronic control assemblies (ECA)
because of water glycol (W/G) leak.
Reinstall ECA's. Environmental control

system water glycol leak corrected.
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October I

October 7

October 8
October I0

October 11

October 12-13

October 14-15
October 18

October 19

October 21

October 27

October 28

October 29

October 31

November 1
November 3

November 4

November 5

November 6
November 8

November 9

November 11

November 12

November 13

November 14

November 15

D-3-13

S/C power-up and completed
OCP-FO-K-0035.

W/G spill during transducer change.
Remove all ECA's because of W/G wetting.
Install new ECA's.

Manned sea level run of flight crew
altitude chamber test, OCP,FO-K-0034
started.
Manned sea level r_an discontinued due

to bent pins in CM-SM umbilical.

PCM replaced due to suspected bad

transistors.

Manned seq level run performed.
Unmanned altitude run performed.

First manned (flight crew) altitude run
aborted at 13,000 feet due to inverter

no. 1 failure. Inverter replaced. Shorted
input transistor. (Had .not gone through,
the screening process.) Replacement was

of modified and screened type.

First manned (flight crew) altitude run
completed.

Second manned 9back-up crew)
altitude run initiated but scrubbed due

to 0 2 regulator failure.

Decision received to change ECU.
Inverters no. 2 and no. 3 removal started.

(These two were of the unmodified type.)
EC-Vs removed for water glycol drain.

Demate CSM to pressure test service
propulsion system (SPS) tanks.
Installed Yaw Axis ECA.

C/M moved to integrated no. 1 stand.
ECU removed.

SPS tank removal from S/M started.

Install roll and pitch ECA's.
New inverter installed complete.

Fuel cell (Fi C) no. 2AV/G pump. replaced
due to leak.

Start SPS tank pressure testing at Pad 16.

0 2 panel with new 0 2 regulator installed.
Installation of ECU initiated.

Installation of SPS tanks initiated.

Dram of fuel cell water-glycol completed.
F/C W/G fill initiated.
New SPS fuel tanks received.

Leak check of ECU completed.

Installation of SPS tanks completed.
Power.up S;C to support ECS checks.
Move S/M to Pad 16 for SPS installed

tank pressure checks.

G&N computer , S, N 123. removal
in work to install flight program memory.

ECS Wj G servicing started.
Install S/,kl in altitude chamber.

ECS W, G servicing complete.



November16

November17

November19

November 20

November 21

November 22

November 25

November 26

November 27

November 29

November 30

December 1
December 2

December 3

December 14
December 16

December 19

December 21.

December 27

December 28

December 29
December 30

January 3, 1967

January 4
January 6

January 7

G&N computer installed temporarily to
perform PIPA test. Corrosion noted on

pins. Must be removed,
G&N PIP, A test complete.

Computer S/N 123 removed. Will install
new computer S/N 124 due to corrosion
on pins of S/N 123.
CSM mate started.

Installation of new G&N computer S/N

124. Held up by broken bolt.
CSM mate complete.

Air in ECS W?G system. Must be re-
serviced.

ECS W/G drain started.
Broken bolt in computer removed. Com-

puter removed.. Computer removed.
Computer bolts found to be too soft.

02 .panel removed and -5 02 regulator
installed.

G&N computer S/N 124 installed.

ECS W/G reservicc complete.
W/G leak in lower equipment bay (LEB)

repaired.
S/C power-up and conduct OCP-
FO- K-0034.

Test scrubbed due to W/G leak
in ECU.

Decisien made to remove ECU.

Drain W/G system. Repair W/G leak
in LEB.

Removed ECU and shipped to
AiResearcb (A, R).

Started ECU installation.

Completed installation ef forward heat
shield (FHS).

Completed ECU installation.

Started W/G servicing per OCP-
FO-K-5518.

Completed \V, G servicing.

Initiated manned (back,up crew).sea level
run OCP-FO-K-0034A.

Manned sea level run completed.

Unmanned altitude run completed.

Started manned (back-up crew) altitude run.
Manned altitude run completed.
Remove CSM from altitude chamber for

SPS nozzle installation and SLA mate.
Start CSM., SLA mate

New quads "'A'" and "D" installed due

to minor damage in original quad en.
gine nozzle.
Moved to LC.34 and mated to launch
vehicle.

Launch vehicle pull test completed.
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January 10

January 11

January 12

January 13

January 14
January 15

January. 16

January 17
January 18

January 20

January 21

January 23

January 24

January 26

January 27

Solenoid valveon cyclic accumulator no. 1
replaced.
Perform OCP-FO-K-0039 GSE

interface test.

Start circuit interrupter test.
Main DSKY replaced due to burned out

light on numeral.
Removed panel 31 and replaced suit

pressure meter.
Circuit interrupter, test completed.

Start combined systems test
OCP-FO-K-0005.

Start F/C cryogenic loading test,
OCP-FO-K-4736.

OCP-FO-K-0005 completed.
Launch escape system (LES)

mate completed.
S/C powered up for trouble shooting.
OCP-FO-K-4736 completed.
Electrical mate, OCP-FO-K-0004,

started and completed.

Plugs in, integrated, test, OCP-FO-K-0006
dry run without HFLT started and com-

pleted.
Potting of panel no. 12 hlitiated.

02 purge valve on F/C no. 1 replaced.
Potting on panel no. 12 reheated. Still

not properly cured. Installed for test.
Circuit interrupters between CM/SM
opened in search of missing test spacer
which ,revents damage to the o-ring in

the connector during test (not found in

interruptecs).
Repair pyro battery wire.
MCCH interlace t,_t, OCP-FO-K-0045,

started and completed.

Pyro connector repaired.
Water flush test corr,pleted.

S C power-on troubleshooting in work.
YAW ECA replaced due to electronic

anomaly and new one retested.
Started replacing DSE:'. connector.
OCP-FO-K-0006 completed.

DSEA connector replacement completed.

Plugs out, OAT, OCP-FO-K-0021-1
started.

3. SEQUENCE OF EVENTS
a. START OF PLUGS OUT TEST TO 23:30:(_) GMT

The following is the time line for plugs out. O.VI', OCP-FO.K.0021-1, January 27, 1967:
12:55 GMT S C bus powc_ up.
13:20 GMT S C: subsystems activation and systems test.

14:,5(I GMT ECS_ystems test started.
lt_:(_l (;NIT "1-:3 hours an¢i hold for I hour for ECS.

[:.(IS had trouble with O2K bottle hookup

through GSE into pneumatically operated
di,wotm,"._t at _er,,ice _nodule.
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17:00 GMT
17:05 GMT

18:00 GMT

18:09:56:5 GMT

18:30 GMT

19:25 GMT

19:40 GMT

19:45 GMT

20:00 GMT

21:01.) GMT

21:15 GMT
21:50 GMT

22:40 GMT

22:.45:15:5 GMT

22:45:28 GXfI"

22:46:45:9.GMT •

22:46:51:2 GMT

22:47:33 GMT

22:53 GMT

23:10:00 GMT
23:15:11tl GMT

23:20 GM'I"

ECS test completed.
Started pre-ingress switch checklist.
Command Pilot ingress. When Command

Pilot changed over from file closed loop
ventilator to S/C ECS, he said there
was an odor in the systems like "sour
milk." Continued with Pilot and Senior

Pilot ingress.
SRP hooks up to communications cables
after ingress and biomed data becomes
available.

Begin hold for odor in suit loop. Bendix
support called for to supply evacuated
"watermelon" to take samples of suit

circuit loop. Sample taken during hold.
Picked up count and performed suit circuit
checks.

Post-ingt'ess switch checklist performed si-
lently by flight crew.
Inner imtch instaUed and started cabin+

purge and leak check.
Start emergency detection system (EDS)
test.

EDS test complete. Start abort request
checks.

Abort request checks complete.

Cabin purge and leak check complete.
Start outer hatch and boost protective cover
(BPC) installation. Could not properly
latch BPC hatch.

tlold for communications problems.
Proceed with terminal count functions where
comnmnications allowed.
SRP disconnects his communication

cables and gives to CMD. This is done
in an effort to isolate the communications

proble,n.
CMI) hooks up'to SRP cables and runs
COlllllnlnit-at lolls check.

(:.kid discmmects from SRP cables.
SRP rccotlllCCtS to colnlnunicatiolls cables
and re-est,d_lishes biomed data.

(:MD reconnects to his own communi-
cations cable,;.

.\pproxinxate time CMD replaced cobra
cable.

Start sinlulaied SM-RCS static fire.

Complete static fire.
(;omph,ted all terminal count functions
up to transfer to internal power, ltold
at T-10 minutes [or communications

probh,ms.

b. 23:30:00 GMT T() IAgNS ()I" I).kT..k

Figure 3-1 _hows the significant ,wquencc of (,v('llD, Ill|it iill," ,l', g,Hh(,,-t,d flOlll the recorded
d,tt,t, l.'igure_ 3.2 through 38 represent tlle dctll;ll recorded d,lt,l.
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The illustrations contained in this section aze direct repzoductions of the direct-w_ite recordings

made thzough the ACE S/C glound station decommutator. No smoothing techniques have been

employed. However, dining the last 5 seconds before final LOS three additional losses of data
occurred. At these times the PCM waveuain zecovezed as much as a second before the ACE

decommutatoz was able to reacquize synchronization. In order to provide information dining

the poztiorL of this time when the wavetrain was available but the decommutator not in synchro-
nization, manual data zeduction was employed.

4. SYSTEM
a. INSTRUMENTATION

(1). INSTRUMENTATION CONFIGURATION
Deviations from standazd launch configuration weze as follows:

(a). The transducel for measuring battery compartment manifold pressure, CC0188P (0 to
21.3 psia), was not installed in the port in the manifold. However, the instrument was
electrically connected and stowed, and in this eonfiguzation pzovided a measure of cabin

pressure.
(b). Battexies A- and B. case temperature measurements,. CC0178T and CC0179T, were
not connected.

(c). S/M - adapte: separation monitor A, SS0120X, was inope_.ative at the time of the

test. Refer to S/C DR No. 932.

(d).. The gas chromatograph was not installed.
(e). Elapsed time indieatols were installed on the PCM packages,the central timing equip-
n_ent and the signal conditioning equipment. These indicatozs were to be removed

ptior to flight.
(2) SYSTEMS DESCRIPTION

(a). The engineering data used fo_ the detez mination of the sequence of events was ex-
tracted via the. spacecraft instrumentation system. The mechanism foz accomplishing this

task involves sensing S/C physical parameters, converting the parameters into varying
direct current electrical signals, sequentially sampling the signals and then converting these

signals into binary coded words which are transmitted for recording and display (see
Figure 4.1-1). The basic hardware used includes sensors, signal conditioners, and the pulse
code modulation system..

(b). The pulse code modulation system (PCM)samples the various sensors and signal
conditioners in the S/C and encodes the infozmation for transmission. The PCM basically
is a. number, of electronic input switches and an encodez, all of which aze. controlled

by a programmer. The input switches, thzough programmer control, are sampled se-
quentially with each sample period being 15 microseconds. The voltage passed thlough
the switch dining the sampling time is then converted by the encoder into an 8-bit, binmy

word of 156.25 microseconds duration. This results in each switch being sampled se-

quentially in 156.25-microsecond time increments. The number of. times per second each

input switch is sampled is controlled by the programmer. Programmed sampling rates
are 200, 100, 50, 10 and 1 samples per second. The end result of this operation is a

serial stream of data consisting of 6400 eight-bit binary words per _,.cond. The serial word
stream is then transmitted to an area to be decoded, recorded and displayed (see

Figure 4.1-2).
(c). A list of all ac_tive instrumentation parameters which were being monitored during
OCP.FO-K-0021, S/V Plugs Out Integrated Test, is presented in Table 4.1-2 and an

explanation is given in Table 4.1-I.

(3). COMMENTS ON DATA
Data quality was good except for three confirmed dropouts of the onboard PCM s)_tem at

the following times (all GMT):

23:31:17.398 to 23:31:17.659
23:31:21.018 to 23:31:21.284
23:31:21.383 to 23:31:21.519
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These dropouts were confirmed by prime flame count readouts of computer tabulations and strip
chart recordings made from available data sources. 1Measurements witll sampling rates of one and ten

per second did not show good data on strip charts for one full second following the 23:31:17.398
GMT dropout, because after system recovery at 23:31:17.659 GMT the PCM prime frame counter

picked up one count. Data are read from a digital frame dump in this period by reading the. prime
frame count and subtracting one for proper prime frame identification.

(a). DATA SOURCES

Four data sources were available (See Figure 4.1-2):

1.51.2 kilo-bit bi-phase hard line data (S/C PCM)
2. 204.8 kilo-bit interleaved data (S/C and GSE PCM's)

3.51.2 kilo-bit NRZ PCM data via the S/C very high frequency/frequency modu-
lated (VHF/FM)transmitter (S/C PCM)

4. 51.2 kilo,bit NRZ data via the S/C S-band transmitter (S/C PCM). The VHF/FM

and 41.2 kilo-bit bi-phase hardline sources were used here for data purposes-, since
those sources showed fewer dropouts and bit errors than the interleaved data, and

since trouble with the gn'ound stations made data from the S-band link practi-
cally unusable.

(b).CABIN PRESSURE FROM BATTERY MANIFOLD PRESSURE

The pressure sensor for the battery manifold pressure measurement, CCO188P, was

electrically connected to a signal conditioner. The sensor was not mounted to the battery
manifold to avoid possible damage to the sensor during battery removals and installations.

The port of the battery manifokt in which the sensor was to be mounted was plugged.
The sensor and coiled wire were wrapped in a plastic bag and stowed in an area under

the battery mounting shelf between the shelf and the floor of the S/C. In this configur-
ation, the instrument sensed cabin pressure. The upper limit of the sensor, 21.3 psia,
was reached at 23:31:18.518 GMT.

(c). BATTERY CASE TEMPERATURES

The battery Aand B case temperature measurements, CCO178T (battery A)and

CCO179T (battery B),, were.not active. The sensors are installed only on flight batteries,
and since test batteries, were used, no sensors were available. The signal conditioaers
for these measurements and associated _viring were installed. The two sensor connectors

were packed in individual plastic bags, the wire cc d and stowed ha the same area
with the battery manifold pressure sensor. The output of the two measurement points

was reviewed and found never to deviate from a full scale reading which, in this ease,
is normal.

(d). DATA DROP-OUTS

.\t 23:30:54.85 (;MT a drop-out of the detected PCM signal from the S/C VItF/FM

transmitter was noted, t lowever, the hardline signal from the PCM system showed no
change in any way; this is confirmed by all playback data from the hardline sources.

Thus, no data interruption at this time was experienced.
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TABLE 4.1-1

MEASUREMENT IDENTIFICATION

The measurement identification consists of seven characters: two letters followed by four numbers

and one letter.

Discrete number

o °S San
Module code _ CA9099S

The first letter (module code) designates the measurement location by module.

A Adapter
B Booster
C Command module

L Launch escape tower
S Service module

The second letter (functional subsystem code) denotes the subsystem within which the measurement

originates.

A Structures

C Electrical power
D Master events sequence controller

E Earth landing sequence controller
F Environmental control

G Guidance and navigation
H Stabilization and control

J Crew equipment
K Flight technology
P Service propulsion.
R Reaction control

S Launck vehicle emergency detection
T Communications and instrumentation

Characters three through

system. The seventh character,

six are numbers assigned sequentially or grouped for clarity within each

a letter, denotes measurement classification as. follows:

A Acceleration N Camera
B Phase P Pressure

C Current Q Quantity
D Vibration R Rate

E Power S Strain

F Frequency T Temperature
G Force V Voltage

ti Position, Attitude W Time

J Biomedical X Discrete event
K Radiation Y Acoustical

I. Velocity Z pH-acidity
M Mass
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TABLE 4,1-2 ACTIVE PCM MEASUREMENTS FOR S/C 012

MEAS. ID MEASUREMENT DESCRIPTION

C" A1502 T TEMP SIDEtlS BOND IX)C: A

C A1505 T TEMP SIDE HS BOND LOC B

C A1509 T TEMP SIDE HS BOND LOC C

C A5480 T TEMP AFT 1t5 LOC: I-.',

C A5481 T TEMP AFT IIS LOG 1-B

C A5482 T TEMP AFT tt5 LOC 1-C

C A5483 T TEMP AFT }lS LOC 1.D

C A5484 R FLUX AFI" ItS LOC 1.4

C .\5490 T TEMP AFT }IS LOC 2-.\

SUBSYSTEMSTRUCTURES
SAMPLE

C .\5491 T TEMP AFT HS LOC 2-B

C A5492 T 'FEMP AFT ItS LOC 2-C

C A5493 T TEMP AFT ttS LOC 2-D

C A5494 R FLUX AFT tIS LOC 2

S :\2361 T FE.MP SECT 6 IN SURF

S A2364 T TFMP SECT 3 I:I,'I';L TANK SURF

S A2365 T TEM P SI.CT (i FL't-_I, TANK SURF

RATE LOW

1 S/S -260

1 S/S -260

1 S/S .260

1 S/S .100

1 S/S .IlR)

1 S/S -100

1 S/S .100

1 S/S 0+150

I S/S -I00

1 S/S -100

I S/S -100

I S/S -100

i SiS 0

1 S/S -100

I S/S -10t)

1 SrS -100

POWER

1 S/S +32

I S,S +32

1 SIS +32

I0 S;S 0

10 SiS 0

10 S/S 0

10 S:S 0

I0 S_S 0

10 5/S 0

10 SIS 0

10 S,S 0

10 SIS 0

10 S/S 0

:9 S;S 0

10 S/S 0

lOS S O

10 S S t)

! S S -_-380

10 S_ S O

1 S,S +380

10 S S 0

I S,,'S O

I0 S.S 0

10 S,S O

IS, S. o

IS S (1

IS S 0

10S S 0

10 S S 0

1(1 S S 0

10 S S 0

IOS S 0

10S ._ 0

1 h S +150

1 S S s-150

1S s +150

I h S +20

1 S S + 20

I .% 2. +20

SUBSYSTEM ELECTRICAL

C: C0175 T TEMP 5T..VI'IC INVERTER 1

C C0175 T qEMI' STATIC INVERTER 2

C C0177 T TEM P ST.XTIC INV l" RTER 3

C C0178 3" TEMF BA'VI ERY A CASE

C C0179 T TEMP B.VI'TERY B CASE

(. (_10188 I' PRFSS BATT CONIPARTMENT (M.XNIF)

(2 C0200 V A(" VOLL ".\GY MAIN BUS , FHASE .\

C C0201 V AC VOLT.XGE .\lAIN BL'S 1 PItASE B

C C(1202 V .\(" V()L'['..XGE M.\IN BUS 1 PH:kSE C

(" C0203 x." AC VOLT:\GI'; M.\IN BUS 2 PIt.\SE ..\

C C0204 V .-\C VOI,T:\GE M.\IN BUS 2 PIt.\SE B

C C0205 V A(" V()I,T.\GE M:klN BUS 2 PHASE (?

C C020b V DC VOI,T.\GE MAIN BUS .\

C C0207 X" DC X'OI,TAGE \lAIN BUS B

C ('0210 \" DC VC)I.T.XGF B.kTTERY BUS .\

(" C0211 V I)C V(II,T.kGE B.VIWERY BUS B

C C0212 V 1)( 1 V()I,I.\GI_ POST I.:\NDING BTRY

C ('0213 F FRFQUF.N('Y .\(: BUS I PII.XSE A

C C0214. V I)C VOI. I.\(;E B.VI-I ('lt..\RGER OUT

C C0217 F FREQUENCY .\(: BL's 2 PIIASE \

C (:0222 C I)(: CL'RIZENT BA'VI'ERY .\

4:C0223 C I)C CL'RI_ ENI B.VI'TFRY B

C (:0224 4: I)C CL'RRI.;NT POST I,.\NDING BTRY

c C0232 V D(; Vt)I,IA(;E 13.VI'TERY I_,I'I,.'_Y BUS

S (12060 P N2 I'RE._._L'Rt, F (: I RE(;UI,:\TEI)

S (:2061 P N2 PI_,I.,S.SL'RF F (" 2 Pl:(;L'I,.\FI;D

.% 41211t}2 P N2 PRI.,5_L'RI-; l" (: 3 REilL'I,ATEI)

s C:.10t_(_ P 112 I'ItFSSUI¢,I] F (: : RI-.C;UI..VFED

S C2067 P 02 I,I/I.;SS['RE F 1; 2 REGUI+.VFEI)

S (:201_ I' 112 I,RI:.._-IRE F t: 3 REGL'I,ATEI)

s C2l_i9 t' 112 PI/F_,',LRL t- t: 1 RE(;UI,ATED

.%(:207o P 1t2 I, KI, sSURI- I." (: 2 REGL I..\TED

s (:2o71 I' 112 PRE._._L'RI; F (' 3 RE(;ULATED

S C2081 l II:.MP I _ 1 (xlNI) EXIt.XL'SF

S /;2082 1 II..MI't (:2(:()Nil EXIt.\/,_I"

S (:208.1 1 T,.MI' F 1; 3 (.( 1\11 !'Nil \L'SF

_C21_.l l II:Mt'I- (1 ,KIN

._ t:20W_ I 'II-MP F (' 2",KIN

•_(:21_8h 1 FI.MP I , _ _KIN

DATA RANGE

HIGH UNITS

+600 DEG F

+ 600 D EG F

+600 DEG F

+4000 DEG F

+4000 DEG F

+ 1600 D EG F

+1000 DEG F

B/+150 B/F/S

+4000 DEG F

+1600 DEG F

+900 DEG F

+1000 DEG F

+100 B/F/S

+200. DEG F

+200 DEG F

+200 DEG F

+248 DEG F

+248 DEG F

+248 DEG F

+250 DEG F

+250 DEG F

+20 PSIA

+150 VAC

+ 150 V.\C

+ 1511 V AC

+150 VAC

+ 150 VAC

+ 150 V..\C

+45 VDC

+45 VDC

+45 VDC

+45 VDC

*45 VDC

--420 CPS

+45 VDC

+420 CPS.

+ 100 .\M P

+100 .\MP

+ I00 AMP

+45 VDC

+75 PSI.\

+7.5 PSIA

+75 PSI.\

+ 75 PSI .\

+ 7.5 PSI .\

+ 75 PSI.\

+ 75 PSI.\

*75 PSI.\

+75 PSIA

+250 I)EG

+250 DEG

+251) DEG

+550 DEG

+530 DEG

.550 DEG

F

F

F

F

F

F

D-3.42



S C2087 T TEMP FC 1 R..XDIATOR OUTLET

S C2088 T TEMP PC 2 RADIATOR OUTLET

S C2089 T TEMP FC 3 RADIATOR OUTLET

S C2113 C DC CURRENT F/C 10L"I'PUT .

S C2114 C DC CURRENT F/C 2 OUTPUT

S C2115 C DC CUR.RENT t'/C 3 OUTPUT

S C2120 X FUEL CELL 1 BUS A DISCONNECT

S C2121 X FUEL CELL 2 BUS A DISCONNECT

S C2122 X FUEl. CELL 3 BUS A DISCONNECT

S C2125 X FUEL CELL 1 BUS B DISCONNECT

S C2126 X FUEL CELL 2 BUS B DISCONNECT

S C2127 X FUEL CELL 3 BUS B DISCONNECT

S C2139 R FLOW RATE 1-12 F/C I

S C2140 R FLOW RATE H2 F/C 2

S C2141 R FLOW RATE tt2 F/C 3

S C2142 R FLOW R.XTE 02 F/C 1

S C2143 R FLOW RATE 02 F/C 2

S C2144 R FLOW RATE 02 FiC 3
S (:2160 X I'H FAC:TOR WATER CONDITION FJC 1

S C2161 X Plt FACTOR WATER CONDITION F/C 2

S C2162 X I'll FACTOR WATER CONDITION F/C '.t

S C2323X FUEL CELL 1 SIIUT OFF MON

S (;2324 X FUEL CELL 2 SIlL"I" OFF .MON.

S C2325 X FUEL CELl. 3 SHUT OFF MON

1 S/S -50

1 S/S -50

1 S/S -50

10 S/S 0

I0 S/S 0
10 S/S 0

10 S/S OFF

10 S/S OFF

10 S/S OFF

10 S/S OFF

10 S:S OFF

10 SiS OFF

10 S/S 0

10 S/S 0

10 S;S 0
10 S;S 0.

10 SIS 0 •

10 SIS 0

10 S/-S, NORMA L
I0 S/S NORMAL

10 SIS NORMAL

10 S/-S CLOSE

10 SIS CLOSE

10 SIS CLOSE

SUBSYSTEM MASTER EVENTS SEQUENCE CONTROLLER

C D0002 X LES ABORT INITI.\TE SIGNAL A

C D0005 V DC VOLTAGE PYRO BUS A
C D0006 V DC VOLTAGE PYRO BUS B

C D0023 X CM-SM SEP RELAY CLOSE A

C 130024 X CM-SM SEP RELAY CLOSE B
C D0037 X ELS SEQ START RLY CLOSE A

C D0038 X ELS SEQ START RLY CLOSE B

11 D0044 X BOOSTER CUT-OFF SIG .\

C D0062 X LES ABORT INITIATE SIGNAL B

C D0105 N I.ES .\BORT INITIATE SIGNAL B

C 1) 01115 X TWR jI-,TTISON .\

C I)0106 X TWR J E'VFISON B

C D0120 X C.\NARI) DEPI.OY A
C 1)0121 X C.\NARD I)EPLOY B

C D0125 X...\I).\PT. SN! SI:.P INITIA TI'...\

(: I)O12b X .\I)APT. SM SEP INITIATE B

C 1)11127 N ..\DAWI" SFPAR.VI'.ION A

C I)11128 X .\I).XPT SEP..kRATION B

C l)0130 X }lAND (;()NI'ROI.I.ER INPUT A

C 1)1)131 X II.\NI) Ct)NTR()I.I.ER INPUT B

C D0132 X EDS ABORT L()GIC IN N() I

(; i)0133 N I:.1)_ .XBORT I.()GI(" IN NO 2

C D0134 X EI)S.\BORT IA)GIC IN N() 3
(: D0135 N, I'I)S ;'xB()RT LOGIC OI.'T .\

(' D0136 X EI)_ .\BORT LO(;IC ()UT B
(: 1)0140 X I)IRI:CT UI.I,AGE ()N .k

C 1)0141 X DIRECT I.'I.I.A(;I:_ t)N B

C I)0170 X RCS .\CTIV.\TE _1(; .\
C 1711171 X RCS ..\CTIV.\IT SIG B

(1 D01"3 X t:Xl F,(:S PRESS sit; .\

(: I)11174 X t:M bl(:,'; PRESS sit; B

C D02tR) V I)C Bt)I.IAt;E I.O(;IC BUS .\

(" 1)0201 V l)(: VOI,T X(;E IA'(;IC BUS B

t: 1)0230 N I_vI) IIY, JI-H'IS()N \

(: 1)0231 N I:W|) Ii_ .II:I'IIS (_'N P,

1:1)0315 X I.I}._ EN XBI.E .\

(: I)O'.U6 N I:DS I'.N.XBI.E B
t' I)l(_W, X I.LS .M() [()R INI ll.\ 1l...\

( IHiwi7 N I.E'_ MI)II)R I%II'IVIE B

10 SIS OFF

10 S:S 0

10 S/S o

I0 SIS OFF

I0 SIS OFF

10 SIS OFF

10 S, S OFF

10 S. S OFF

10 S/S OFF
10 S b OFF

10 s:s OFF

10 s, s OFF

10 S/S OFF

11) S, S OFF

10 S;S OFF
10 S S OFF

10 S, S OFF .

it) S:S OFF

I0 S:S OFF

111S, S OFF

1o s s OFF

IO s s OFF

10 s s OFF

10 S. s OFF

IO s, s OFF

10 s s OFF

10 S. S OFF

10 S, s OFF

1o s s OFF
I0 S _ OFF

10 s. s OFF

It)S S +22
10 ,_ _ -,-22

IO s ,% Ol.F

1o ._ .% OFF

10 S S OFF

10 s s OFF

I0 _ S OFF

1o .% S OFF

+ 300

+ 300

+ 300

+100

+ 100

+100
ON

ON

ON

ON,

ON

ON

+0.2
+0.2

+0.2

+1.6

+1.6

+1.6

HIGH

HIGH
HIGH

OPEN

OPEN

OPEN

ON

+40
+40
ON

ON

ON

ON

ON

ON
ON

ON

ON

ON

ON

ON

ON
ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON
+37

+37

ON

ON

t)N

ON

ON

()N

DEG F

DEG F

DEG F

AMP

AMP

AMP

EVENT

EVENT

EVENT

EVENVI"

EVENT

EV ENT

LB/HR

LB/HR

LB/HR

LB/HR

LB/HR

LB/ItR

EVENT •

EVENT

EV ENT

EVEN'I"

EV ENT
EVENT

EVENT

VDC

VDC

EVENT

EX'EN"F
EVENT

EV ENT
EVENT

EVENT
EVENT

EVENT

EVENT

EVENT

EV ENT
EVENT

EVENT
EV ENT

EV ENT

EVENT
EVENT

EVENT

EV ENT

EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

EV ENT

EVENT

EVENT
VDC

VDC

EVENT

EVENT

EVENT

EV ENT

EVENT

EVENT
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SUBSYSTEM EARTH LANDING.SEQUENCE CONTROLLER.

C E0001 X DROGUE DEPLOY REL.\Y CLOSE A

C E0002 X DROGL'E DEPI.OY REI,.\Y CLOSE B

C E0003 X MAIN CIiUTE DEPL-DRG REI, RLY .\

C E0004 X MAIN CIIUTE DEPL-DRG REL RLY B

C E{1007 X BAR{) SW I,()CK-IN RLY CI,OSE A

C E00118 X BAR{} SW LOCK-IN RLY (,:LOSE B

C E0035 F' BAROMETRIC PRESS STATIC REF

C E11321 X MA1N CttUTE DISCONNECT RELAY A

C E0322 X .MAIN CtIUTE DISCONNECT RELAY B

10 S/S OFF

l0 S/S OFF

10 S/S OFF

i0 S/S OFF

10 S/S OFF

10 S/S OFF

1 S/S 0

10 S/S OFF

10 S/S OFF

SUBSYSTEM ENVIRONMENTAL CONTROL

C F0001 P r'RESSURE CABIN

C 1:0002 T TEMP C.\BIN

C I:0{_}5 P PRESSURE CO2 PARTI.\I,

C F0006 P PRESS SURGI.; TANK

C F0008 T TEMP SI'IT SUPPLY MANIF

C F0009 Q QU.kNTITY WASTE WATER TANK

C F0010 Q QL'AN POTABLE ti20 TANK
C F0012 P PRESS SUIT DEM.\ N1) REG SUP.PLY

C F0015 P PRESS SLTI" COMPRESSOR DIFF

C F0016 1' PRESS GLYCOL PUMP OUTLET

C F0017 T I"EMP GLYCOL EVAP OUTLET STREAM

C F0018 T TEMP GLYCOL EVAP OUTLET LIQUID

C F0019 Q QU.kNTITY (;I/5 COL .\CCUM
C F0020 T TEMP SP.-\CE R,\DIATOR OU'FLET

C F0025 P PRESS PUMP PACK.XGI-2 INLET

S F0030 Q QUANTITY tt2 TANK 1

S F003! Q QU..kNTITY I12 TANK 2
S F0032 Q QUANTITY ()2 TANK 1

S F0033 Q QU.XNTIFY 02 T..\NK 2
C F0034 P B..XCK PRESS GLYCOL EV.\POR.VFOR

C F0035 R FI,OWR.VFE ECS 02

C F003b 1' PRESS OL'TLEI" {/2 RE(; SUPPI,Y

s F1}11371' PRESS 02 I.\NK 1

S F0038 I' I'RI.;SS 02 T.\NK 2

S F0039 P PRESS I12 TANK 1

S F0041 T TEMP 02 TANK 1

S F0042 T TEMP 02 TANK 2

S F0{kt3 T TEMP It2 TANK 1
S F0044 T TI.2MP 112 TANK 2

C F0120 P I'tlL.2._S lI2t} .\Nl) {;LYC'.{}I, TANKS

(: F01:;5 R FI.{)W R \112 M.\N INLET TO SUIT 1

C F01311 R FI.(}W R VI'E MAN INIA-71 IO S['I'I- 2

(: 1:111:17R FL.{}W 1¢ VII; .MAN INI,EI" I{) SUIT 3

{: F0148 1' I}PNLPI'I.'_ \NI_ I_EI'URN M.XN

{: F{}153 I'TEMP {:{}.\II'RI.2Sr';{)R INI,ET

C 1:11184 I" LLMI'

{; 1:O245 I I'EMP

{: I:O3211 P I'I,U.2"__,

12 FO327 P PI<I.',',
(: I:O-ISI T FI.MI'

{: F1}482 I" 1I2\11'

{:{)2 .\BS_,)III?.I'I{ ( }k" 1 I.I'T

t}2 RE(; INI.I:T
Pt}l \BI,I fl2{} I'.\NK DR.\IN

_v.\_l E t1211 I..\NK DRAIN

{:P BR 1 INI.EI

{:I" P,R I {_t'lI.lTl"

C F0483 T TEMP {:P BR 2 INI.I/I

{' 1:11484 I I't:MI' {'i' BR 2 INI.EI"

{: 1:O.5.19P I}II:1. I"II.EBS (:{}I.I}PI..\I'I: BR 1

{: I.'113311P 1}II.l I'RI..:',", ('{}I.I}I,I..\I'E BR 2

I:1_.,,'15 ril.\lp,,p\{.i It \I}I\I{}R INI.I'T

1 S/S 0
1 S/S +40
1 S'S 0

1 S;S +50
1 S,S +20
1 S/S 0

1 S/S 0
1 S,S 0

1 S/S 0

1 SIS 0-

1 S/S +20

I S/S +25

I S,'S -i0

I S_ S .50

50 S,'S 0

1 S/S 0

I S/S {;
1 S,S 0

1S,S 0
10 S/S +0.25
I S,S +0.2
I _S 0

1 S:S +50

1 S/S +50

I S/S 0

I S, S -325
I S.'S -325

1 S, S -425

1 S. s -425

lS, S 0
1 S,S 0

IsS 0

IS.S o
1ss 0

IS S 0

1S S -_90

1 S S .50

IS\ 0
IS\ 0

1 S S +40

1 s s +40

1 S.S +40

1 S, S +40
1 s,s o
ISS o

1SS 460

SUBSYSTEM GUIDANCE AND NAVIGATION

1: (;O1_}I \ , {}\ll'lll.l< l}l{,ll.\I. 11\I \ 40 tHI'_ 5OS S
{'.{;11111 \ 2g\l}t '_1PI'IY llIS._ 0

{:(;I110 \ 2 "_\I_{ 1\1 BI _', I S h {}

ON

ON

ON

ON

ON

ON

+I5

ON

ON

+17

+125

+30

+105B,

+95

+100

+90

+17
+1

+60

+95

+75

+100

+100

+75

+25
+28

+320

+320
+0.25

+1.0

+150

+ 1050

+ 1050

+ 350
+80

+80

-200

.200

+-50

-1-25

+25

+25
+0.8
+200
+20t}
+ 150

+50

+50

÷ 150

+ 15{1

+ 150

÷ 150
.2.0

* 10

.150

.35
.,-5

EVENT

EVENT

EVENT

EVENT

EVEN I"
EVENT

PSIA

EVENT

EVENT

PSIA

DEG F

MMHG

PSIA

DEG F

PCNT

PCNT

PSIA
PSID

PSIA

DEG

DEG F

PCNT

DEG F
PSIA

LB
LB

LB

LB

PSIA

LB/HR

PSI A

PSIA

PSIA

PSIA
DEG F i
DFG F

DEG F

DEO F

PSIA

LB/HR
LB/HR
LB/IIR

PSID

DEG F

DEG F

DEG F
PSI.\

PSIA

DEG F

DEG F

DEG F

BEG F

PSID
PSID

DEG F

VDC

VDC
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C G1503 X IMU +28 VDC OPERATE

C G1513 X IMU +28 VDC STANDBY

C G1523 X AGC +Z_ V'DC
C G1533 X OPTX +28 VDC

C G2II0 V IGA TORQUE MOTOR INPUT
C G2112 V IGA 1X RES OUTPUT SINE IN PHASE
C G2L13 V IGA IX RES OUTPUT COS IN PHASE

C G2117 V IGA SERVO ERROR IN PHASE
C G2140 V MGA TORQUE MOTOR INPUT

C G2142 V MGA 1X RES OUTPUT SINE IN PHASE
C G2143 V MGA 1X RES OUTPUT COS IN PHASE
C G2147 V MGA SERVO ERROR IN PHASE

C G2170 V OGA TORQUE MOTOR INPUT
C G2172 V OGA 1X RES OUTPUT SINE IN PHASE
C G2173 V OGA 1X RES OUTPUT COS IN PHASE
C G2177 V OGA SERVO ERROR IN PHASE
C G2206 V IGA CDU 1X RES ERROR IN PHASE
C G2236 V MGA CDU 1X RES ERROR IN PHASE
C G2266 V OGA CDU iX RES ERROR IN PHASE
C G2300 T PIPA TEMP

C G2301 T IRIG TEMP

C G2302 C IMU HEATER CURRENT

C G2302 C IMU BLOWER CURRENT
C G3102 V SXT TRUN MOTOR DRIVE IN PHASE

C G3112 V SXT SHAFT MOTOR DRIVE IN PHASE

C G3133 V SCT TRUN MOTOR DRIVE
C G3141 V TRUN CDU 16X RES ERROR IN PHASE

C G3200 V TRUN CDU MOTOR DRIVE IN PHASE

C G3220 V SHAFT CDU MOTOR DRIVE IN PHASE

C G4300 T AGC TEMP MONITOR

C GS00_ X PIPA FAIL

C G$001 X IMU FAIL

C G5002 X CDU FAIL

C G5003 X GIMBAL LOCK WA RNING
C G5005 X ERROR DETECT

C G5006 X IMU TEMP LIGHT
C G5007 X ZERO ENCODER LIGtIT

C G5008 X IMU DELAY LIGHT

C G5020 X AGC ALARM I (PROGRAM)

C G5021 X AGC ALA RM 2 (AGC ACTIVITY)

C G5022 X AGC ALARM 3 (TM)
C G5023 X AGC :.kLA RM 4 (PROG CK FAIL)
C G5024 X AGC ALARM 5 (SCALAR FAIL)

C G5025 X AGC ALA RM 6 (PARITY FAIL)
C G5026 X AGC ALA RM Y (COUNTER FAIL)

C G5027 X AGC ALARM 8 (KEY RELEASE)

C G5028 X AGC ALARM 9.(RUPT LOCK)

C G5029 X AGC ALARM 10 (TC TRAP)

C G5030 X COMPUTER POSER FAIL LIGHT

C G6000 P IMU PRESSURE

C Gfi020 T PS.\ TEMP 1 'FRAY 3

C G6021 T PSA TEMP 2 TR.\Y 2
C G6022 T PS.X TEMP 3 TRAY 4

C H0024 R. PITCH RATE

C H0025 V PITCH MAN ROTATION CONTROL
C H0034 H PITCtI POS FEEFB.XCK IN
C 110047 C VI'V DIFF CLUTCH VOLTS COMBINER

C HO050 R PITCtl RATE ERR AMP OUT

C H0067 V P INTEGRVFOR ATT ERROR SUMMING

C H0074 V MTVC PITCIt RATE
C 110075 H PITCH SCS ATT ERROR

C It0087 X +PITCH +X SOEENOID DRIVER OUT

C H0088 X .PITC|I. +X bOLENOID DRlX ER OUT

10 S/S OFF

I0 S/S OFF

10 S/S OFF

10 S/S OFF

10 S/S .8
10 S/S 0

10 S/S 45 DEG

100 SIS 0
10 SIS .8
10 SIS .45
I0 SIS 45
100 SIS 0
I0 SIS -8
10 SIS -45
10 SIS 45

i00 SIS .5

10 A/S -8
10 SIS .8

10 S/S .8
1 SIS 125

i SIS 128.

1 SIS 0
1 SIS 0
10 SIS -5
I0 SIS -5

I0 SIS -5

10 SIS -50
10 S/S .5
I0 S/S -5
I S/S 20
10 S/S OFF

10 S/S OFF

10 S/S OFF
10 S/S OFF

10 S/S OFF

10 S/S OFF

10 S/S OFF
10 S/S OFF

10 S/S OFF

10 S/S OFF

10 S/S OFF

10 S/S OFF

10 S/S OFF
10 b/S OFF

10 S/S OFF
10 S/S OFF

10 S/S OFF

I0 S/S. OFF

10 S/S OFF

1 S/S 0
1 SIS 10

1 S/S 10

I SIS 10

SUBSYSTEM STABILIZATION AND CONTROL

50 SIS -25
50 S/S .4
50 S/S -10
50 SIS .800
L00 SIS .6
10 S/S .2.5
50 SIS .25
10 SIS 0
2OO S/S ON

20e SIS ON

ON

ON
ON

ON

+8
+50
135

0.5
+8
+45

135
0.5
*8

+45
135

+5
+8
+8
+8
135

137

+5,000
+5,000

+5
+5
+5
+50

+5
+5
220

ON

ON
ON

ON

ON

ON
ON

ON

ON
ON
ON

ON

ON,
ON

ON

ON

ON
ON
ON

25

250

250

2O0

+25
+4
+10
+8(_)
+6
+2.5
+25
+10
OFF

OFF

EVENT
EVENT

EVENT

EVENT

VDC

DEG
DEG
VRMS

VDC PSA

Dr- ,.q

DE
VR_,i.

VDC

DEG

DEG

VRMS
VRMS

VRMS

VRMS

DEG F

DEG F

AMP

AMP
VRMS

VRMS.

VRMS

MVRMS

VRMS

VRMS

DEG F
EVENT

EVENT

EVENT

EVENT
EVENT

E'_ EN"I"
EVENT

EVENT

EVENT

EVENT

EVENT
EVENT
EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

pq':

DEG F
DEG F

DEG F

DEG/SEC

VAC
DEG

MANP

DEG/SEC

VDC

D EG / SEC
VRMS

EVENT

EVENT
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C H0089 X +PITCH/-X SOLENOID DRIVER OUT

C H0090 X -PITCH/-X SOLENOID DRIVER OUT

C H0100 X G-N DV MODE CONTROL

C H0101 X G-N ATT MODE CONTROL

C H0102 X G-N ENTRY MODE CONTROL

C H0103 X MONITOR MODE CONTROL

C H1024 R WAW RATE
C H1025 V YAV¢ MAN ROTATION CONTROL

C HI034 H YAW POS FEEDBACK IN

C H1047 C YTV DIFF CLUTCH VOLTS COMBINER

C H1050 R YAW RATE ERR AMP OUT

C H1067 V Y INTEGRA TOR/ATT SUMMING

C HI074 R MTVC YAW RATE

C H1075 H YAW SCS ATT ERROR

C H1087 X +YAW/+X SOLENOID DRIVER OUT
C H1088 X .YAW/+ X SOLENOID DRIVER OUT

C H1089 X +YAW/-X SOLENOID DRIVER OUT .
C H1090 X -YAW/-X SOLENOID DRI\'ER OU"r

C HII00 X SCS DV MODE CONTROL

C HII01 X SCS ATT MODE CONTROL

C HlI02 X SCS ENTRY MODE CONTROL

C Hl103 X SCS LOCAL VERTICAL MODE

C HlI04 X MTVC MODE CONTROL

C H2015 V COMBINED AG SMRD

C H2024 R ROLLRATE
C H2025 V ROLL MAN ROTATION CONTROL OUT

C H2026 V COMBINED RG SMRD
C H2030 T COMBINED ATTTITUDE GYRO TEMP

C H2050 R ROLL RATE ERR A .kiP OUT

C I-t2070 H ROLL ATTITUDE ERROR AMP OUT

C H2075 H ROLL SCS ATT ERROR

C H2087 X +ROLL/+Z SOLENOID DRIVER OUT

C H2088 X -ROLL/+Z SOLENOID DRIVER OUT

C H2089 X +ROLL/-Z SOLENOID DRIVER OUT

C H2090 X .ROLL/-Z SOLENOID DRIVER OUT.

C H2091 X +ROLL/+Y SOLENOID DRIVER OUT
C H2092 X -ROLL,' +Y SOLENOID DRIVER OUT

C H2093 X +ROLL/-Y SOLENOID DRIVER OUT

C H2094 X -ROLL/-Y SOLENOID DRIVER OUT

C H3185 X -05G M.\NUAL SWITCtt

C I13186 V DV REMAINING POTENTIOMETER OUT

C H4100 tt RESOLVER SIN OUT PITCtt ATr

C t{4101 H RESOLVER COS OUT PITCH A'FT .

C H4102 It RESOLVER SIN OUT YAW ATr

C H410 H RESOLVER COS OUT YAW A'I'I"

C 114104 H RESOLVER SIN OUT ROLL ATT
C H4105 H RESOLVER COS OUT ROLL ATr.

C H4320 X SPS SOLENOID DRIVER OUT 1

C 1-t4321 X SPS SOLENOID DRIVER OUT 2

200 S/S ON
200 S/S - ON

10 S/S

10 SIS OFF

l0 SIS OFF

10 S/S OFF

50 S/S -25

50 S/S 0

50 S/S -8.5

50 SIS .800

50 S/S -6
I0 SIS -2.5
50 SIS -25
10 SIS 0
200 S/S ON

200 SIS ON

200 S/S ON

200 SiS ON

10 SIS OFF
10 S/S OFF

10 S/S OFF
10 S/S OFF

10 S/S OFF

• 10 SIS 0

50 S/S -25

50 S/S 0

10 SIS 0
I SIS 0
50 SIS -6

I0 S/S -25

I0 SIS 0
20O SIS ON

200 SIS ON

200 S/S ON

200 S/S OFF

200 S/S OFF
200 S/S OFF

200 ,S/-S OFF

200 S/S OFF

10 S/S OFF
10 SIS. 0

I0 S/S -12

I0 S/S 0

10 SIS -12

10 SIS -12

10 S/S -12
I0 S/S .12

50 S/S OFF
50 S/S OFF

SUBSYSTEM CREW EQUIPMENT

C J0002.l PNEUNI SLECTOR SW OUTPUT SIG

CJOO66J EKG AXIS 1 SEL SW OUT SIG

C Joo67 J EKG AXIS 2 SEL SW OUT SIG

C J0210 X SEL SW POSITION .\STRO 1
cJo211 X SEL SW POSITION ASTRO 2

C JO212 X SEL SW POSITION ASTRO 3

500 SIS -5

200 SIS 0.1
200 SIS O.1

10 SIS OFF

10 SIS OFF

10 SIS OFF

SUBSYSTEM SERVICE PROPULSION

S pooOI P HE TANK PRESS
S P0002 T tie TANK TEMP

S POO3 P PRESS OXIDIZER TANKS

S P00I)5 T TEMP ONIDIZER ENG FEEl)LINE

10 S/S 0

1 SIS .100

10 SIS 0

I0 SiS 0

OFF
OFF

OFF

ONN

ON

ON

+25
5.0

+8.5
+800

+6

+2.5
.25

I0

OFF

OFF

OFF

OFF

ON

ON
ON

ON

ON

8OO

+25 .

+5

1600

5

+6
+25

l0

OFF

OFF
OFF

ON

ON

ON
ON

ON

ON

+-3K

160

+12

+12

+12

+12

ON

ON

+5

+5

-5

ON

ON

ON

+SK

+2OO
+ 300

+ 200

EVENT

EVENT

ON

EVENT

EVENT

EVENT

DEG/SEC

VRMS

VDC

MAMP

DEG/SEC

VDC

DEG/SEC

VRMS
EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

EVENT
CPS

DEG/SEC

VRMS

CPS

VDC

DEG/SEC

VDC

VRMS

EVENT
EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

EVENT
EVENT

FT/SEC
+12

DEG

V.\ C

VAC

VAC

VAC

EVENT
Z\'L\ 5"

OHM

MV

MV

EVENT

EVEN"F

EV ENT

PSIA

DEC F

PSI .\

DEC F
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S P0006 P PRESS FUEL TANKS
S P008 T TEMP FUEL ENG FEEDLINE

S P0009 P PRESS MAIN VLV ENG OXIDIZER. IN

S P0010 P PRESS MA IN VLV ENG FUEL IN

S P0020 T TEMP CHAMBER OUTER SKIN ]

S P0022 H POSITION FUEL/OXIDIZER VLV 1-

S P0023 H POSITION FUEL/OXIDIZER VLV 2

S P0024 H POSITION FUEL/OXIDIZER VLV 3

S P0025 H POSITION FUEL/OZIDIZER VLV 4

S P0045 T TEMP ENG VLV BODY

S P0048 T TEMP ENG FUEL FEEDLING

S P0049 T TEMP ENG OX FEEDLINE

S P0050 T TEMP NOZZLE CUTER SKIN 1
S P0054 1" TE`kIP 10X DIST LINE

S P0055 T TEMP 20X DIST LINE

S P0057 T TE`klP 1 FUEL DISTLINE

S P0058 T "I'E,klP 2 FUEL DIST LINE

S P0060 1" TEMP INJECTOR ,klAN
S P0600 P ENG VLV A CT SYS TENK PRESS PRI
S P0601 P ENG VLV ACT SYS TANK PRESS SEC

S. P0655 Q QUAN OX TANK 1 PRI-TOTAL AUX

S P0656 Q QUAN OX TANK 2

S P0657 Q QUAN FUEL TANK 1 PRI-TOTAL AUX

S P0658 Q QUAN FUEL TANK 2
S P0661 P PRESS ENGINE CHAMBER

S P2054 T TEMP GIMBAL A CTUATOR CASE (YAW)

S P2055 T TE.MP GI.\IBAI. ACTUATOR CASE (PITCH)

C R0001 P HE PRESS TANK A

C R0002 P HE PRESS T.\NE B

C R0003 T FIE TEMP TA NKS A

C R0004 T FIE TEMP TANK B

C R0005 P PRESS FUEL TANK A

C R0006 P PRESS FUEL TANK B
C R0011 P PRESS OXID:IZER TANK A

C R0012 P PRESS OXIDIZER

C R2201 T TEMP ON VLV CCW ENG SYS A
C R2202 T TEMP ON VLV -Y ENG SYS A

C R2203 T TEMP OX VLV +Y ENG SYS B

C R2204 T TEMP OX VLV -P ENG SYS B

C R2205 T TEMP OX VLV -P ENG SYS A

C R2206 T TEMP OX VLV CW ENG SYS B

C R4561.T TEMP CCW ROLL ENG OUT WALL T3 S_;S A

C R4582T TEMECCW ROLL ENG OUT WALL T3 SYS B

S RS001 P ttE PRESS TANK A

S R5002 P lie PRESS TANK B

S R5003 P IlL PRESS TANK C

S R5004 P tiE PRESS TANK D
S R5013 T HE TE`klP TANK A

S R5014 T HE TEMP TANK B

S RS015"F liE TLMP "YANK C

S R5016 T tIE TEMP TANK D

S R505:3 Q QU.kN'I'ITY SN RCS PROP BITS 1-8

S R5056 Q QUANTITY SN RCS PROP BITS 9-14
S RSl_i5 T TEMP ENGINE PACKAGE A1

S R5066 T "I'EMP ENGINE PACKAGE B1
S R5067 T TEMP ENGINE PACKAGE CI

S R5068 T TEMP ENGINE PACKAGE D1

S R5729 P A tie MANIFOLD PRESS

S R5733 P A OXIDIZER MANIFOLI) PRESS

S R5737 P .\ FUEL MANIFOLD PRESS

S R5776 P B lie M.\NIFOI.D PRESS

S R5784 P B FUEL ,MANIFOLD PRESS

S R5817 I' C I{E .MANIFOI.D PRESS

10 SIS 0

10 SIS 0

10 S/S 0

10 S/S 0

1 S/S 0

10 SIS 0

10 S/S 0

10 SIS 0

I0 S/S o

I SIS o

1 SIS 0

1 S/S 0

1 S/S -25

1 S/S 0

50 S/S 0

50 S/S 0

50 S/S 0

10 S/S, 0
1 S/S -25.
I0 S/S. 0

.1 S./S O.

1 S/S 0

1 S/S 0

1 S/S 0

100S/S 0

i0 SIS 0

1 S/.S 0

SUBSYSTEM REACTION CONTROL

1 S/S 0

1 S/S 0

1 S/S 0
1 S/S 0

10SIS 0

10 S/S 0

10 S/S 0

10 S/S, 0

50 S/S -50

10 S/S -50

1 S/S -50

1 S/S -50

50-S/S -50

1, S/S -50

500 S/S 0
50 S/S 0

1 .S/S 0
1 SIS 0

1S/S 0

1 S/S 0

200 S;S 0

200 S/S 0

I00 S.'S 0

1 S;S 0

I0 S/S 0
I0 S/S 0

1S/S 0

1 S/S 0

I S/S 0

I S/S 0

I0 S/S 0

100 S/S 0

100 S/S 0

I0 S/S O
100 S/S 0

10 S.'S 0

+300
+200

+ 300

+ 300

+ 500

+90

+90
+90

+90

+250
+200

+200
+2500

-250

+250
+250
+ 250

+200
+ 2500

+5000

+ 16K
+ 16K

+8K
+8K

+ 150
+200
+200

+5K

+5K
+300

+ 300

+400

+400

+400
+400

+ 250
+250
+250

+250
+250

+ 250
+ 1000

+ 1000

+5K
+SK
+5K

+5K
+150
+ 1511

+ 1511

+ 1511

+70
+ 1411

+ 300

+ 300

+ 300
+ 31)0

+ 41)0

+ 300
+ 300

+ 400

+ 300
+ 400

PSIA

DEG F

PSIA

-PSA

DEG F

DEG

DEG

DEG

DEG.

DEG F

DEG F

DEG F

DEG F
DEG F

DEG F

DEG F

DEG F

DEG F

DEG F

• PSI.-\ .
LB

LB

LB

LB

PSIA

DEG F

DEG F

PSIA

PSI A
DEG F

DEG F

PSIA

PSIA

PSIA

PSIA

DEG F

DEG F
DEG F

DEG F

DEG F

DEG F
DEG F

DEG F

PSIA

PSIA

PSI..\

PSIA
I)Et, _'

DEG F

DEG F
DEG F

LB

LB

DEG F

DEG F

DEG F

DEG F

PSIA

PSIA

PSIA

PSIA

PSrA

PSIA
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S R5821 P D liE M.\NIFOLD PRESS

S R 5322 P C FUEL MANIFOLD PRESS

S R5823 P D FUEL MANIFOLD PRESS

S R5830 P D lie MANIFOLD PRESS

S R7128 T TEMP IN,] HEAD +Y ENG SYS B

S R7134 T TEMP INJ ttt'.\D (;CXV ENG SYS A

SUBSYSTEM LAUNCH VEHICLE EMERGENCY

B S0016 X LAUNCH VFAI BUID.\NCE FAIL A I0 S/S

B $0020 X LAUNCI1 VEH RATE EXCESSIVE A 10 S/S

B $0030 X ENG NO 1 OUT ,\ 10 S/S

B S0032 X ENG NO 2 OUT A 10 S/S

B $0034 X ENG NO 3 OUT A 10 S/S

B S0036 X ENG NO 4 OUT .\ 10 S/S

B S0038 X ENG NO 5 OUq" A 10 S/S

B $0040 N ENG NO 6 OUT A 10 SIS

B S00t2 X ENG NO 7 OUT .\ 10 S/S

B S0044 X ENG NO 8 OUT A 10 S/S

B S0060 N LIFT OFF SIGNAL A 10 S/S

B.S0061 N IAFT OFF SIGNAL B 10 S/S

C S0080 X EDS .\BORT REQUEST .\ 10 S/S

L $0090 X TOWER PI IYS SEPARATION MON :\ 10.S/S

L S0091 X TOWER PttYS SEPAR..YFION MON B 10 S/S

C $0100 X CM-CM PHYS SEPARATION MONA 10 S/S

C S0101 X CM-SM PIIYS SEPARATION MON B 10 S/S

S S0120 X SM/AI)..\PTER PIIYS SEPARATION 10 S/S.

S S0121 X SM_ADAPTER P}IYS SEPAR.VFION 10 S/S

C S0150 X MASTER C:\UTION-W.kRNING ON 10 S/S

SUBSYSTEM COMMUNICATIONS

C T0012 X TAPE MOTION MONITOR OPER 10 S/S OFF

C T0013 X TAPE MOTION MONITOR R AND D 10 StS OFF

C T0015 V SIG COND POS SUPPLY VOLTS 10 S/S 0

C T0016 V SIG COND NI';G SUPPLY VOLTS 10 SIS 0

C T0017 V SENSOR EXCITATION 5 VOLTS 10 S_S 0

C T0018 V SENSOR EXCIT.XTION 10 VOLTS 10 S/S 0

C T0055 V "I?V CAM ERA TARGI.;T VOLTAGE 10 S/S 0

C T0089 (;-BAND NMTR OUTI'U'I" MONI FOR 10 S/S 100

C T0098 F C-B.XND DECODER OUT 10 SiS 10(3

C T0108 K (;AN .\NALYXIX-SUIT AND CABIN tO S/S 0

(" T0120 X P(;M BIT F,,VI'E Ctl.\N(JE 8 BIT 1 S/S

C T0125 V PCM II1 LEVEl, 85 PERCENT REE 10 S/S 0

C T0126 V I'CM ti1 LEVEl, 15 PERCENT REF 10 S/S 0

C T0127 V PCM l,C) I,E\'EI, 85 P|-;RCENT REF 1 S/S 0

C "I"0128 V PCM I,() I,EVFI, 15 PERCENT REF 1 S/S

C T0141 N ('TE'I'IMIN(; MCDE M()NI'I'OR 10 S/S OFF

C T0142 F CENTR.\L TIMING (;,M'F 32 BIT 10 SiS

C T0147 V S-BAND RI:,C :\GC V()I,T..XGE 10 S,S -130

C T0191 V VHF: AM REC AGC VOI.TAGE 10 S/S .95

C T0212 V S-BA ND RE(.: STATIC PItASE ERROR . 10 S_S -60K

C T{1215 V S-BANI) XMTR I}ETEC'FI;I) RF OUTPUT 10 S/S 0

(; T{}261 V UDL REC SIGNAl, S'I'RI-N(;TII 10 SIS -110

{; "I"0262 V UI)I, SYS V.\IAI)ITY .%I{;N.\I, g-BIT 50 S/S

C T0320 V VIIF .\M X.MTR I)E'I'E(:'I'ED RF OUTPUT 100 S/S 0

C T0330 V VllF FM XMTR PA 131"I'E{;TI-D RF OUT I0 S/S 0

C T0340 N PCM 11.MIN(; .'¢,(H "R( :V 1.',NT f)R INT 10 SIS INT

100 S/S 0 +300 PSIA

100 S/S 0 +300 PSIA

100 S/S 0 +300 PSIA

10 S/S 0 +400 PSIA

50 S/S 0 +500 PSIA

50 S/S 0 +500

DETECTION

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON- EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

OFF ON EVENT

AND INSTRUMENTATION

ON EVENT

ON EVENT

+35 VDC

-35 VDC

+8 VDC

+17 VDC

+500 FT LMB

1300 PRF

1300 Pi.-

5 VDC

DIGITAL

5.0 VDC

5.0 VDC

.040 VDC

.040 VDC

O N EV E N T

DIGITAL

-40 DBM

-I" T 3."

+60K DEV CPS

600 MW

-90 DBM

DIGITAL

12 WATTS

18 WATTS

EXT FV ENT
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b. SEQUENTIAL SYSTEMS
(1) SEQUENTIAL SYSTEM CONFIGURATION
(a) Ordnance was only installed and electrically connected in the forward deck area under the
forward heat shield. The forward deck harness was disconnected from pyro continuity verifi-

cation box and shorting plugs were installed. All other ordnance which was installed did not

contain the initiating devices.

(b) The flight connections, which are made to the GSE access connectors of the RCS control box-
es in order to reset the 61.second time delays during the terminal,count EDS test, were not

connected, due to a checklist error.
(c) A circuit breaker box was inserted between the SM pyro batteries and the SM jettison con-

trollers in order to terminate -x translation of the SM atCM/SM separation, to prevent SM jet-

tison battery depletion.

C.

(2). COMMENTS ON DATA
An analysis of the SC-012 sequential system data for the time .pexiod from 25:12:00 GMT

through 23:31:17.396 GMT'indic ares nox mal system operation dux ing this time.

At approximately 23:31:12 GMT the battery buses wexe switched on the main buses,
which caused the logic buses to drop to the main bt_s voltage level. Refer to subsequent

paragraph c. fox further discussion of the switching.

' At 23:31:15.5 GMT a master alarm occmxed. This condition was caused by 02 high

flow, in that 02 flow xate was satuxated fox the 15 seconds prior to this mastex alarm (See

figure 3-5).

At 23:31:26.712 GMT, haxdline data indicates that EDS "unsafe A" came on. This
indicates that at this time one of the thxee EDS buses from the spacecraft to the launch vehicle

was lost. Since two of the EDS bus circuit breakers wexe open when cockpit configuration

was established post,incident, the detexmination is that the first circuit breaker was tripped at

this time.

One non-instrumented anomaly was noted by the launch vehicle personnel dining the EDS

test at 20:52:23 GMT. At this time the launch Vehicle Attitude Reference Fail check was

being performed. EDS bus 1 was turned off and astronaut was to vetify no change in the
panel 5 status light.. H_owever, he stated that the "'Engine 8 Out" light went off. This

light came back on 8 seconds later as reported by the astxonaut and vexified on the voice
tape. Data xeview shows no switching in the cockpit horn the time the EDS bus 1 went off
for approximately 39 seconds. No furthex infoxmation, is available since this is the "B" side

of the light and it is not instxumented. At this time no explanation is available.

ELECTRICAL POWER

(1). SYSTEM CONFIGURATION
Just prior to the incident, the spacecraft DC buses mere being powered fxom GSE ground

power supplies via the S/M GSE flyaway umbilical. Spacecraft batteries were not connected
to the main DC buses. The fuel cell (F/C) simulator (C14-395 battery pack) was connected
to fuel cell no. 1 and ft:el cell no. 3 harnesses (fuel cells 1, 2 and 3 were disconnected) but

not tied to the spacecraft buses.

Spacecraft AC bus 1 was poweted by inverter 1 which was powered from DC bus A,
and A(; bus 2 was powered by invertex 2 which was powered horn DC bus B. Inverter

3 was not operating since it is t,,sed only for backup in the event of failure of inverter no.l

ox 2.

Bus vet su_ equipment configuration is shown in Table 4.3-1.



(2).COMMENTSONDATA
(a).The electricalpower_ystem was operating no\really throughout the performance of

OCP-FO-K-0021-1 up tO approximately 23:30:55 GMT. At that time a ,small, shoxt dur-
ation increase in AC bus 2 voltages (all three phases) was noted. Prior to this time tile

AC bvs 2 .voltages were steady to within one bit of information and as follows (gee
Figme 3-2):

Pt_ase A (CC0203) - 117.0 to 117.6 VAC
Phase B ((2,(2,0204) - 116.6 VAC

Phase C (CC0905) - 112.5 VAC

The voltages vari0d ft_om this steady state value as follows:

TIME (GMT)

AMPLITUDE AMPLITUDE

(VOLTS). TIME (GMT) (VOLTS)

Phase A 23:30:54.920
Phase B 23:30:54.920

Phase C 23:30:54.927

125.8 23:30:55.020 117.0

120.8 23:30:55.026 117.2

117.2 23:30:55.027 113

The vohages then retvtned to tim valt'es previously recoxded 0efer to Panel 18 Report,
:\C bt,s 2 voltage variatkms, tot further discussion) attd remained at those values up to
I,OS.

The only other unusual indication in'the EPS system prior to LOS occurred at.
23:31:13 GMT with indications that Bat B&C had been connected to the main DC buses,

followed at 23:31:14 GMT by indications that Bat A&C had been connected to the main

DC buses (see Figure 2-3). This was accomplished by crew manual connection of these

batteries to the main buses. The switches used to accomplish this (panel 22 - main bus
tie Bat B&C) were found during post-incident inspection to be in the positions that would
connect these batteries to the main buses.

(b). There is no evidence of an electrical short indicated in any of the other EPS
parameters.

(3). SYSTt'M POWER REMOVAL

Following the incident, remowd of external power was begun at 23:32:46 GMT and all

external power was removed by 23:33:13 GMT. ltowever, there was no way to remove Bat A,
iL and C from the buses, and spacecraft buses remained powered until the batteries were
depleted (estimated at approximately 05:30 GMT, 28 Jannary 1967).

d. GUIDANCE ANI) NAV IG:VI'ION SYSTEM

(1). SYS'I'EM Ct)NFI(;UR:V1"ION

The guidance and navigation system was in the normal launch configuration with the follow

ing exceptions:

(a). The couplittg display units (CI')U) [lermetic sealing panel was not installed.
(b). The ground test access cottnector covers were not installed on the power-serve assentblv

trays.

(2). DATA EVALUATI()N

l)ata evaluation of all the instrumented parameters associated with guidance and naviga-
tion has not revealed any facts that would indicate a ntalfunction which might have contrib-
uted to the accident. All system operation was normal prior to the incident.

The physical characteristic ot" the s,,._tem design lends itself to supplying nonsystem related
facts associated with the inrid0nt, e.g.:

(a). Change in navtgation base pitch angle correlates with crew compartment pre._sure

chailgos, a_ discussed i,t the l',mel 18 report.

D=3-_
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TABLE 4.3-1

EQUIPMENT
• ,r ......

Entry Bat A

Entry Bat B
Post Land Bat

Pyro Bat A

Pyro Bat B

Bat Charger
hv 1 DC (Input)

Inv 1 AC (Output)
I'nv 2 DC (Input)

hxv 2 AC (Output)
hay 3 DC (Input) .

lnv 3 AC (Input)
Power Factor Cure Box

Phase Synch Box
AC O A'-U/T Unit

DC U 'V Unit

FUEL CELl.._" CRYO

_Ollt'

SEQUENI'IAi.
MESC
EI.SC

RSC Contr Box

C&'_, Power Sup.'Light._

Dig Eveut Tinier.'.+

PCVB

Etlterg l)ot _,_stein

SCS AND (, N

IMU
IMI' !icater

Conlptltt'r

I.+ghtmg.
SCS Partial |'_,wcr

Rate Gy.>
Rotat ton ('.ontrol

B.M.%(;

IX'(" ti ._ 2)
RCS Direct Coils

RCS N.vnal Coil,,

I

$C 012 EOUIPMENT V$ BUS CONFIGURATION AT 23:30:00 GMT

i

DC DC PYRO PYRO AC

MNA MNB BATA BATB A B BUSI

N C

N'C

N/C N/C

CMnn

Corm

N/C N/C

Ct3111l CoIIri

Conli
Conli

Conn

Corm
NTC

Conn

N/C

Corm
N/C

Corm

Conll

Corm

(]onlt

(.]OlXll

Conn (Ymn Conn Conli

Conn Conn Conn Corm

Conn Conn Conn Conn

_Olln

Colin

Colin

Corm

Coitli (]ouu

(it+llll Colin

(it+nrx (h)uu

('tHin

(:llilll

N C N C

( otln (_ollli

Conn

Colin
Conn

AC

BUS 2

Colin

N/C

Colin
N/C

Corm

Corm

Colin

N{_: Not (]llliili'_ ivd. (.onn: Connected.
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TABLE4.3-1 SC 012 EQUIPMENT VS BUS COHFIGURATION AT 23:30:00 GMT (Contin_ed)

EQUIPMENT

NSTKUMENTATION

PCM
SCE Corm

Central Timing Equip Corm

Fit Qual Rcdr
DSE Conn

panel 20.t (Non ESS)

Panel 204 (ESS) - Conn

CI,tAI2 Fuse Box

MDAS

COMMI_NIC A i'iO,_ '_

UDL Corm
FV Conil

VIlF FM Corm

S Band PA i Conn

PMP Corm
,X"udio ('enter I Conn t

'('|IF. RiW B('N N C

llF N 'C
.- N ('*I)M',A ' '

VIIF ,X\l (:onll

C Band. [

*Power t onnector not hooked [

up to DSE,'k. Circuit br.eaker I

P ROPU I.MON ]

Nont' /

E('S " ,
Ilot) .Xcc ntll I..on.1.
Cabin .\it l:an ! ]
(:,lbill .kit |:;in 2

Stilt (:otllpt e N_oi._

tll)t'ol P inlq'J'_

1_tt'.l_,tt, ,_" Pot II,b(I Corm

Xdcr._. Pres-, t;P 1¢,'2 Conn

I.;CS Ndcr. lelup (]Ollll

Radiator Isol _,'alvc I

Radiator !-_ol V,tlxt' 2

Pot 11211 Colin

DC DC BAT A BAT B PYRO PYRO I AC AC
MN A MN B , A B BUS 1 BuS2

Corm

COntl

Corm

Corm

Coim

Corm

Conn

Collll

Corm

{_;olin

Conll

Colnl

Conn.

N'C

NC

NC

Conn

(_Ollti

( :olin
Corm

('otlll

Corm

Conn

Conn

N/C

Corm

Coun

COlin

Colin

nr

N.'C

N.'C

Colin

N'C

N'C

Colin

('onn

N'C

NC

N'C
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(b). Cllanges in gtnlbal torque motor input voltages indicate vehicle movement, as dis-

cussed in the Panel 18 report.

Since the G&N system was in.the gyroeompa._sing mode during the test, the system
attempted to maintain the inertial platform horizontal to loeM gravity and the azimuth

at a predetermined heading. Any motion that tends to alter these conditions results
in a correcting voltage being applied to tile platform gimbal torque motors. _,,rew activity
can impart motion to the vehicle, whi_:h could resuh in torque motor voltages which

can be discerned from normal signals applied during gyrocompassing.
(3). DATA PECULIARITIES

After the fire started, the Check Fail Alarm .121G5005 and El'ror Detect PGNS alarm

CG5023 came on at 23:31:17.3.

e. STABILIZATION CONTROl, SYSTEM

(1). SCS CONFIGURATION

The SCS was configured to launch configuration, with the follow!ng exf_eptions: .
(a). Only one (1) rotation controller was installed.
(b). Only one (1) translation control was installcd.

(c). The A14-275 quad simulators.were connected instead of the RCS engines.
(2). COMMEN.TS ON DAT:\

Data analysis indicates normal operation, of all parameters until loss of data, with the
following exceptions:

(a). ROT:VI'ION CONTROL OL'TPUT SIGNAI,S

At 23:30:M:85 G*IT, a nao,uentary shift in level was noted on the rotation control

output pitch (CH0025), yaw (CII1025), and roll (Ct12025) measurements, The power
for these parameters was supplied by AC bus 2, phase A. This occurrence is associated

with the AC transient (see Figure 5.2-1 in the Panel 18 Report for further discussion).
At 23:31:14.6 GMT a signal was noted on the roll rotation control output of approx-

imately 1.75. VAC and the associated signal of the roll error amplifier output which is
equivalent to monitoring the controller for position roll. ,\t the same time, small tran-

sients were noted on the pitch alld yaw rotation control output measurements are pro-
portional to the amount and direction of controller position.

:\t the time of the incident, the rotational control was pinned in a null position.

Physical examination of the rotation controller following the incident showed the handle

_till pinned and with no app/lrent danmge to the pin. Soot deposits on the pin indicated
slight pin motion. Special tests indicate the pin will allow slight movement of the controller

with an appreciable output signal.
(b). R:XTE ERROR :\MPI,IFIER OUTPUT OSCII,L.VI'IONS

Beginuing at 23:31:0.t GMT, and continuing to loss of signal, small amplitude oscil-
lations werc noted on the roll rate error ,uuplifier output. Smaller oscillations and trans-

itnts ',_ere noted on the pitch :rod ._aw rat£" error outputs (see Figures 3-7 and 3-8).

These changes correlate with spacecraft movenwnt.

(c). MI'VC I';NG.\GI'_
.\t 23:31:18.2 GMT, following a loss of signal of approximately 800 millise_:onds,

the event manual thrust vector control (M.TV(') engage was noted to have changt'd state

from ()FI: to ON. This contlition continued unti! loss of signal.

Follo_ing this event, pitch and yaw ,MTVC rate gyro outputs showed activity in-
dicating tht M I'V(: circuits were active (see Fig-ure 4.5-2). MTVC engage is actuated

hy physically rotating the ]'-handle on the translation controller to a _:W position. Ex-
amination of the tr,mslation controller [ollossing the incident showed the-l',handle to be

in a M i'Vt : ()N position.

(d). Brgmning at 23'.il.2t_ G.\IlI'. R(:S solenoid driver activity _as indicated, which could
he the rrsult of ._hort._ in spacecraft _iring. This tinw was just prior to the loss of data.

0.3.53



:4..)

CH2025 ROLL MAN ROTATION CONTROL OU'I

I III!ll!
CH2050 ROLL RATE ERR AMP OUT

CHOOZ5 PITCH MAH ROTATION CONTROL

CHOO50 PITCH RATE ERR AMP OUT

I

I

CHIO25V YAW MAN ROTATION CONTROL

I I

CHIOSOR YAW RATE ERR AMP OUT

|'_ : ; I J l ; ": i _ : ; -_ i i I

0 " .... - --

_, o-. . . . . -. .
":t.e 18.t ft., st.I _. ......... ucmo_ ' s* * is e ss t is

,,!L, ,,_.I,, ,,_.I,, ,,!I,, 1,_.I_, ,,_.L.. ,4_I,, ,,_I,, stJ._" SS.J_te ,,._ee
Vil_ il.lll,SK_

FIGLrRE 4.5- L ROTATION CONTROLLER OUTPUT. SIGNALS

..&
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f. ENVIRONMENTAL CONTROL SYSTEM

(1). OXYGEN SUPPLY SUBSYSTEM CONFIGURATION (See Figvre 4.6,1)

Gaseous oxygen from K_bottles was utilized for environmental oxygen throughout the
test, The following GSE was used for support:.

(a). K-Bottle and Regulator

The K-bottle regulator was adjusted at 14:15 GMT and maintained throughout

the test at approximately 1000 psig to the gas pressure panel. One K-bottle change
was performed at approximately 20:18 GMT.
(b). Gas Pressure Panel

The outlet from the K-bottle regulator was regulated down tO 650-750 psig_ i_ the ....
unit and maintained at this value through0ut the test.
(c). Oxygen Valve Panel

This panel was used as an isolation interface between gas pressure panel and the service
module oxygen pneumatically operated disconnect (POD).
(d). Spacecraft Oxygen System Configuration

The oxygen en/eHng the service module was isolated from the cryogenic tanks by
check valves. The 02 entered the command module through one of two available supply
lines to the oxygen surge tank, one pound bottle, and regulators for distribution to various
02 subsystems.

(2). COMMENTS ON OXYGEN SUBSYSTEM DATA

The oxygen system worked normally both prior to and after the report of the fire, with
the exception of the high 02 flow rate. This is discussed in the Panel 18 Report.

(3). SUIT CIRCUIT OXYGEN SYSTEM CONFIGURATION

Oxygen at 100 psig was supplied to the suit circuit through the demand pressure regu.
lator (_ee Figure 4.6-2).

The demand pressure regulator is used for normal makeup, or demands of up to 0.70

Ib/min of oxygen. The demand regulator test selector is used to pressurize the suit circuit
for_suit integrity tests.

(4). COMMENTS ON SUIT CIRCUIT OXYGEN SYSTEM DATA

The suit circuit oxygen system worked normally both prior to and after the report of
the fire.- At 23:31:09.6 GMT, the suit" flow for the SRP suddenly went to lower limit for

2 seconds and back to full scale in a step function. See Panel 18 Report for further discussion.

(5). W/G SUBSYSTEM CONFIGURATION (see Figure 4.6.3)

Water glycol was being supplied from GSE (S14.053) and as it would be for normal
launch, with one exception, the Solenoid-operated valve on the return line in the service module
was powered by an auxiliary 28 VDC supply to maintain flow after the umbilical disconnect

(Plugs Out). Cold water glycol is supplied to the S/C front the trim control unit (S14-053)
at constant pressure, temperature, arid flow rate. The ?inal adjustm._,nts Of these conditions

were made immediately following inner hatch installation at 19:45 GMT. Supply pressure
was constant at 69.5 psia (FF5062).

Supply temperature was adjusted in order to achieve 40 :t: 1 degree F at the glycol evap-
orator outlet.

Actual value was constant 40.9"F, measured at CFOO18T. Flow rate was adjusted
to a constant 196.5 lb, hr (EF5063).
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(6) COMMENTS ON DATA

At about 8 minutes prior to the crew call of fire the accumulator quantity pressure meas-

urement started a gradual decrease which continued to the time when the cabin pressure rose

because of the fire. The supply pressure measurement, which also sense._ changes of pressure

within .the glycol system, showed an associated change during this..period of time. See Panel
18 Report for further discussion.

g. COMMUNICATION

(1). The communication system was in launch configuration except for the following:
(a). Only one data storage electronic assembly voice recorder (DSEA) was installed, but

was not electeically connected. Two DSEA's are required for- launch configuration, with
only oiae connected.
(b). Only one bio-med tee adapter was imtalled (SRP position). For flight there would
be three.

(c). CMD Pilot was using a flight-space cobra cable (-51)instead of the normal cable_

(-41); the cobra cable was changed during the '.'live mike" troubleshooting.

(d). Audio control panel and cobra cable switches were in position to facilitate testing
as a workaround for the "live mike" problem.

(e). The USBE was in the "transponder only" mode (power amplifier "off"). The launch
configuration transponder power amplifier mode would have been selected at T-10 minutes.

Figure 4.7-1 shows the astronaut umbilical coinnmnication system cobra cable, tee adap-
tel', etc.

(2). COMMENq-S ON DATFA

(a). All data reviewed indicates that thc spacccraft comnmnication system pcrformcd
normally between 23:30:00 GMT and LOS, except for the following:

(1). VHF/FM DROPOUT A momentary dropout occurred in the RF detected

PCM video wave-train at 23:30:54.85 GMT and lasted for approximately 30 milli-
seconds. MSOB and the TEL IX' signal strength parameters of the VHF/F,M carrier

had a momentary dropout coincident with the PCM video dropout. See Panel 18
Report for further discussion.
(2). C-BAND DROPOUT - A C-band dropout occurred at 23:30:54.85 GMT and

lasted for 1.7 seconds (see Figure 3-2). The dropout was indicated in the receiver

decoder and in the transmitter output. Both are PCM data points which are sampled
10 times per second, and both have. RC time constants of 0.1 second. See Panel.
18 Report for additional details.

(3). "'LIVE MIKE" CONDITION Voice tape analysis and PCM data records
showed a :'live mike" (constant keying) condition existed from the CMD Pilot position

during a considerable portion ofthe final test period. See Panel 18 Report for gTeat-
er detail.

(b). VOI CE RECORDINGS

Voice recordings were made in the Mmmed Spacecraft Operations Building (MSOB)
ACE Station, MSOB Open l,oop Communication Station (MOLC), Blockhouse 34, MCCK

at (:ape Kennedy, MSC-Itouston, and N.\A Downey via ltouston (see Figure 4.7-2).

The data from these tapes were studied, in an attempt to detertnine possible clues to
the cause and crew reaction to the fire. A transcript was_made of the S-band and

VIIF, AM tracks of the MOI_C voice tape from 23:29:45.5 GMT to LOS. This tape
_as chosen, because it contained the only direct S-band voice from the S/C and was
less noisy than the OIS tapes..

(c). ANALYSIS O1" OSCILLOGRAPIt RECORDING

The voice transmissions shown in Figure 3-9 were analyzed with the use of MOLC
tapes and PC,M data. This figure shows the VttF. AM and S-band voice tracks oscillo-
graph readout from 23:29:42.5 GMT to LOS.

(I). 23:29:42.5 to 23:30:14 GMT
(a). The CMI) was transmitting on S-band. The SRP made a voice travsmission

on S-band and VttF/.\M. There was no voice transmission by the PLT.
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(b). The ground persomwl were transmitting to tile s/C on S-band. The voice of tile

CMD was being turned around by the CAST (astro comnlunicator console) system and .

retransmitted to the S/C on VIIi:.

(c). The "'live mike" noises arc not evident, probably because of the higher noise level

caused by the uplink S-band being patched to the MOI,C RF recorder.

(2). 23:30:14 to 23:31:00 GMT

(a). Thcrc _ ::re no voice tt-ansmissions from the S/C.

(b). The ground personnel were not traflsmitting to thi' S/C oil vIIF.

(c). 'l'hert_" was no cbmgc in the 'qivc nfikc" condition. Considerable amounts
of noise similar to those obtained when a microphone is brushed or tapped,

including breathing sounds, _crc evident. Some of thd loudcr noises appear

to have had sufficicnt antplitudc to trigger the upiit_k VHF/AM via CAST,

(3). 23:31:00 GMT TO I A),';
(a). There wcrc two scrics of voice transmissions on S-band. The times fox" these

two transmissiorts arc detailed in l:igurc 3-9. No voice communications on VitF

wcrc made fi'om the S; C during this time period.

(b). The ground pcrsonlxc[ wcrc not. tratasmitting to the S/C on VI1F. The

voice transntissions from thr S U were being turned arotmd by the CAST system

and wcrc rctransmittcd to the S / (" on VI tF.

(d). AN:\I,YSIS ()1: VO1CI" "I'AI'I'S DUbS, IN (; Till'; PEIUOD 01," FIRI"
The tape transcripts ot the voice tapes fi'olu the Commatxd Module during tile time

period of tile firc (referred to as the first and second trat'tsmissiot_'., on Table 4.7-1), have

bccn extensively analyzed. 'l'his analysis inchtdcd a rcvicw of all transtuissions prior to

the fire that were tuadc by the crcw during the test in an attempt to aid in tile deter- .

ruination of who tnadc these last two transtnissions and what was said. This analysis was

made by NAS:\ persotmct fanfili.tr with the communication systems, the crew and their

voice characteristics, the scqucncc of cvctlts before, during and after the fire as determined

during the accidct'tt im'cstig,_tion. Tht; .\polio 204 l,_,cvtcw Board also reviewed these

transtnissiotls, l:,xpcrts at the Bcll Tch'phonc I,aboratorics also performed extensive analysis

of the ta W record. Rcvic,,_' hy other cxpcrts, s_.tch as Civil :Xcronautics Board accident

investigation pcrsc, urtcl, is ctn'rcntly in progrcss. Any new findings from these additional

reviews will bc inchtdcd in :\tq wt'tdix (; of the Final Report.

l'_xccpt for a portion of the first tr.msnti:_:iort, which is quitt clear, the remainder

of the first ;ttld second trausntission is trot clear attd it is itnpo_d_lc to define exactly

what was said by the crcw. Two points made by the Bell q'clcpl_one Laboratory experts,

ho'wevcr, sholth| bc notcd:

(l). The prcscttt st,ttr-tff-thc-att of analysis of voicc t-t,cot'ds is such that little, if any-

thing, can hc d,:tcrntincd :ts to what wit.,, said it" the recording is not sufficiently clear

to |w itxttqligihh" by listctfing ahntc. .\ttalysis, howcvcr, can, under these circutnstat'_cc2s,

provide SOt'tiC ch_.esi hut thcsc chtcs calmer I_c uscd to definitely detcrtninc which

crew tllt, ttlbct" initi itcd the transtttissitm.

(9). XX'bcII tilt" rct'._tditlg of thc tt-llltstttlssiotl is twit clear, there will bc nearly ;is lllany

interpretations of what w.ts said ;ts thcrc ,ll't" qu,tlificd listeners. X|atly hlterprctations

of what was s;dd have [wen nt.ldr. .\ stltlltllar_' of thcsc itxtcrprctations is tnade ill

the Iollowitxg paragrap|ls.

The anal.vsis of the first voit't" tr,msmittcd is ;is folhm's:

This traustuissiott hcga_t .tt 2'3:31:t}t.7 t;.Ml" _,ith an cxclantatory remark. This

trat'tstllissitm is txot clc:w. .Xlost listctwr,', believe tiffs ittitial remark _v,ts Clio Of the follow-

ing:
"1 h'y "'

"l:irc "

"Brca k '"

_lost listrncrs Iwlievc, ,tttd laborattn',v analysis sttpt_rts this bclicf, that this transtuissiota

was ttladc hy tilt' (:omnl,md Pih_t. l'hi.._-._tl_,q'k i,, folkn,¢cd by ;| ,;herr period of noise

(bttttXpitlg SOtttlds. Ctt'.)
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TABLE 4.7,1 TRANSCRIPT OF VOICE CHANNEL FOR LAST 27 SECONDS

MOLC VHF/AM TRACK TRANSCRIPT

23:30:58.5 (Short noise 0.6 sec)

23:31:04.7 *(First voice transmission)

23:31:I0.0 (End of first transmission'_

23:31:17.1 (Second w,we transmission)

MOLC S- BAND TRANSCRIPT

23:30:55.5 (Noise)

23:30:56 (Breathing sound)

23:30:56.5 (Noise)

23:30:58.1 (Noise)

23:3[:04

23:31:0.t.7

23:31:10.0

23:31:1fl.8

(Breathing sound)

(First voice transmission

of spacecraft problem)

(End of transmission)

(Second voice transmission

o[ spacecraft problem)

23:31:21.8 (End of second transmi_sitm) 23:31:21.8 (End of second transmission)

23:31:22..t (I.OS)

* Analysis of flwse transnussions appears in

paragraph 4.7
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The second portion of this first transmission begins at 23:31:06.2 GMT with an unclear
word. Most listeners belit_vc the first to be one of the following:

"I've"
"We've"

The refnainder of this transmission is quite clear and is: ". ...... Got a.fire in the

cockpit", followed by a clipped word sounding like "VHEH", which ended at 23:2,1:10
GMT. Marly listeners believed this transmission to have been made by the Pilot. Some
believe it could have been n_ade by tl'.,.: Command Pilot or the Senior Pilot. However,

laboratory analysis as'signs the greatest probability that it was rritlde by the Pllot, but

the results of the analysis do not negate the possibility that _ne of the other crew members
could have made the transmission'.

The analysis of the Secolid voice transmission is as follows:
Following a 6.8 second period of no transmission the second transmission began at

23:31:16.8 GMT and ended at 23:31:21.8_GMT. The entire second transmission is some-

what garbled. This second transmission, thereforc, is subject to wide variation of inter-

pretation as to content and as to who was making the transmission or transmissions. The
general content is what appears to be three separate .phrases and it has been interpreted
several, ways by many. listeners. The following is a list of some of the interpretations
that have been made:

(I). "Fighting a bad rite - Let's gzt out .....

Open 'er up.'"
(2). "'We've got a bad fire - Let's get out ......

We're bu;rmg up."
"I'm reporting a bad fire .... I'm getting out..Oh, AAH." (Scream)

Some people lcel that the very end of this second transmission is a scream, s or the
start of one. Many listeners.believe.this transmission was made by the Pilot.

It should be noted that:

(I). The total time duratioq of thesc t_o transmissions was brief, lasting 17.1 seconds;
the first lasted 5.3 seconds antl thc second lasted 5.0 seconds, with a 6.8 second

period of no transmission between.
(2). The transmissions pro\ _de evidcncc only of the timc the crew first transmitted

a report of the existence of the fire and do not provide any direct information as
to the cause of the fire.

H. FUEL CELL AND CRYOGENIC GAS STORAGE SYSTEM

(1). FUEL CELLS
Fuel ceils were inactive and were not being monitored during the incident. A review

of the data from 23:2b:00 GMT.to thc incident indicated no fuel cell anotnalies.

(2). CR_OGENIG GAS STORAGE SYSTEM (CGSS)
The CGSS wa.s iaactive during the test. Gas was supplied to the enviromnetRal control

system from "'K'" bottles through port OP.on thc service module. A review of data from
23:26:00 GMT to the hlcidem indicatcd no anomalies in the CGSS.

i. PROPULSION (SPS ANI) RCS)

(1). SERVICE PROPUI.SION SYSTEM CONFIGURATION
The differences from the normal launch countdown configuration _'ere as follows:

Propellant tanks, helium storage tanks, and engine actuation system GN2 tanks _ere not
serviced to flight pressures but were at low (notntal) blanket pressures (u_ing GN2).

(2). COMMENTS ()N SPS I).VI'.\
All data on the SPS remained normal and constant until loss of data.

(3L REACTION CONTROl. SYSTEM C;ONFIGt'RATION
CS.XI R('.S _as ct,nfi_urcd h)r launt'h _ith tile following exceptions:

(a). The engine simttkuors _cre installed in lieu of actual engine ¢irtuitry.

(b). No consttmables were on board. The scupper supports were in place.
(c). ,\ temperature thermocouple _a._ taped to (;M "i4"" s_tetn oxidizer i_lation valve
to tnonltor v,|lve tenqwr.nure rise during plugs out mission run.
Id). The engine thro.tt plu_s and floi,s _nsors s_ere partially installed in preparation for

flight readin_;s'i tt"_t. Thv vngine ctrct'rs _,scrc installed on tluad engines. CM engines
were ClWironrllcnt,d|_ ,,_.,d,.d with tap_'.
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(4), COMMENTS ON RCS DATA
A simulated. SM RCS +X eflgine static firing had been completed at approximately

23:15:00 GMT using Pilot's rotation controller. No anomalies were observed in this test.

Following the simulated Static firing the CSM RCS system was monitored for remainder of
the active test, A review of the data tapes for the period 23:26:00 GMT tO 23:31t30 GMT

did not disclose any system anomalies. SignifiCant RCS data peculiarities are detailed below:

(a). A linear rise in temperature from an ambient condition of 70* F to 197" F occurred
between 23:31:1§.858 GMT and loss of s_gnal at 23:31:22:432 GMT on CR4561T. This

transducer is a resistance thermometer type and is spot welded to the upper surface of
CM RCS "'A" (_CW engine between frames NO. 21 and 2'2, (closer to frame 21), and

behind panel CM 18. It is aim covered with 3/4 inches of insulating Q-felt. A second

transducer, CR2201T, fnounted on the oxidizer injector value of the same engine, showed

no temperature increase. Although this transducer is of a similar resistance type, it was
bonded to and encapsulated in silicon rubber. It was also90 degrees_urther around

the engine on its outward side and located between frames no. 20 and 21 (closer to frame
21). Although partially coveted by the boost protective cover, CR2201T was exposed
to ambient conditions (panel CM 19). The sudden rise .in temperature of CR4561T is

indicative of exposure to flame at the time of cabin pressure vessel rupture. Time corre-"
lation with other rupture data points must take into account the fact that the engine and

transducer are enclosed with insulating Q-felt as noted above.

(b). The RCS propellant isolation circuit breakers (CB16 and CB15) on panel 25 were
found to be open during post-fire inspection. Further impection revealed that the circuit
breakers" stems were only slightly smutted indicating that the circuit breakers opened

after the fire started to subside.

(c). The RCS .selector switch was found in the SM-A position rather than the SM-D

position called for by the procedure. This switch selects a particular SKI quad for para-
meter monitoring and has no change-of-state function. The SM-A position is assumed

to be a pilot's natural reaction to return to the initial monitoring position instead .of

leaving it in the final position following simulated static fire.

j. CREW SYSTEMS, BIOKIED, AND EXPERIMENTS
(1). SYSTEM CONFIGURATION

The biomed system was in launch configuration with the following exceptions:

(a). An E.. O. was released to pot the octopus cable connectors to prevent breakage of
connector bacR shells. Planning was a'lso in work to _Tap the cable with tefglas and attach

Vclcro to provide attach points for support of the cable.
(b). Only one biomcd tee adapter was installed aiad this was in the SRP position. The
biomed parameters [or the SRP position were being monitored on both PCM,and. the
MDAS recorder and the time of incident.

Only the crew systems equipment required to support OCP-FO-K-0021 "1 was stowed

in the S/C. The stowed cre_ systems equipment which has an electrical interface with

the S/C (cameras, hygrometer, aligflment sight) were not connbcted to the S/C at the time
ot the accident.

(2). COMMENTS ON DATA
(a). PCM and MD.\% recorder data throughout the test was normal except for several

noise glitches which appeared on the biomed data Channels. piwsicians verified theae

glitches were not normal biomedical data. The first glitch occurred at 18:28:02 GMT

and recurred randomly with the last one at 23:24:tR) GKIT. These noise spikes are beli_'ed

to be caused by RFI. which has been duplicated dutifig pozt-incident beach teat by glitch-

ing the input power. From the time the MDAS was tttrfled on and the timer react to
zero (17:3fi.02 GMT) until i,()S of the timer (23:31:21.2 GMT), the timer operated

normally with no loss of. or change in, tin_ing

(b). Ba._ed on the PCKI and MI)AS data available from S, C 012. there is no indication
that the hiomed system cot_trthuted to the ca,le of the incident.
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DISASSEMBLY ACTIVITIES PANEL

A. TASK ASSIGNMENT

The Apollo 204 Review Board established the Disassembly Activities Panel, 4. The task auigned for

accomplishment by Panel 4 was prescribed as follows:

Develop plans and procedures for' progressive disassembly of Apollo Spacecraft 012 for purposes

of inspection and failure analys_s. Disassembly should be configured to proceed on a step-by-step

basis, in a manni?r to obtain the maximum amount of informatiot_ prior .tO disturbing the e,didence.

Contents of testing requirements slXall also be considered. Disassembly plans sliould consider both

tbc cockpit and.the area outside the pressure hull. Means for cataloging documentary information

_:ithin the spacecraft and for the display of removed iten_s shall bca part of these plans and pro-

cedures.

B. PANEL ORGANIZATIOH

1. ,Xl EMBI:RSI II P:

The assigned task was accomplished by the following members of the Disassembly Activities Panel:

Mr. Scott I I. Sinq)kinson, Chairman, ._lanned Spacecraft Center (MSC), NASA

Mr. Sanmel T. Beddingfield, Kennedy Space Center (KS(;'), NASA

Mr. Robert G. Covel, Jr., Kennedy Space Center (KSC), NASA

Mr. Paul J. Graf, Kennedy Space Center (KSC'), NASA

Mr. Robert J. Reed, Kennedy Space Center (KSC), NASA

Mr. llart3." C. Shoal, Kennedy Space Center (KSC), NASA

Mr. Charles G. Stcvcnson, Kennedy Space Center (KSC), NASA

Mr. Joseph C. Campbell, Manned Spacecraft Center (MSC), NAN:\

Mr. l)ean.F. Grimm, Manned Spacecraft Center (MSC`), NASA

Mr. Patrick J. I lanifin, North American Aviation (NAA`), Downey

Mr. ,Iohn M..Moore, North American Aviation (N:\A), Kennedy Space Center

2. COGNIZANT BOARI) MFMBER:

Colonel Frank Borman, U. S. Air Force, Board Member, Manned Spacecraft Center (MSC), NASA,

was_assigned to monitor the 1)isassembly ..\etivitit$ Panel.

C. PROCEEDINGS

1. INVESTI(;ATIVE AIWR()ACIt

a. SPACECR.XFT t)12 DISASSE.MBiN PROCEDURES. hmnediately after the accident, at 6:31

,t, 191i7, NASA Kennedy Space Center Security placed
p.m., EST (23:31 G.MI') oil JanuaI3." 'r_

I.aunch Complex 34 under additional security. Special guard_ were assigned to the sen'ice structure

and to the adjustable-eight (,\-8) level at the catt'ance to the Command Module (C/M). Controls

were established for personnel ac'cess to the service structure and the '_. M. Everything located

at die |,aunclx Complex sach as (_;rottnd Support, Equipment (GSE'). spare parts, docunlents and

drawings, special clothing, breathing apparatus and fire fighting equipment, etc., was impounded.

The NASA Test Supervisor in tile blockhouse, in conjunctiott with NASA Security. controlled all

activities" oil the service structure, implementation of these directions was coordinated througi_ the

NASA tJperation,, l.'nginecr and tile N.\.\ Pad l.eader at tile C M.

.\ftcr the fire, prior to distttrbing any items in the spacecraft, a series of photographs were

taken. Ntweral photographs were made nf tile surrounding areas on adjlastable levels A-7 and A-8.

Photograplts situating the cont'iguration ol' the area around the Pad l,eader's desk on A-8 and a

¢losettp of the desk may be seen in I._nclosures 4 1. 4-2. and 4 3,. "l'h.t_ step-by-step photography

ntethod was estahlisheti a'_ a standard opcratint; procedure for the entire activity of tile l)isasscnlbly

Acth'itlc_ l' mrl
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After the last crewman.was removed at _,pproximately. 2:00 a.m., ES'E on January 28, 1967,

two spacecraft .observers. entered the C/,M _:t 3:00 a.m. to verify certain panel switch positions.

Other than this there was no activity inside the C/M on the day after the accident. Small groups

of NASA and NA.\ management, the Apollo 204 Review Board ,Members, Representatives, and .

Consultants and others wkh a need to know, inspected the exterior of Spacecraft 012. They looked

in through the open hatch, but did not enter the C/M.

At 1:00 a.m., EsT, Sunday, January 29, 1967, a NASA photographer took additional pictures
inside the C/M and an astronaut entered the spacecraft to verify additional switch positions needed

to clarify the data. Considerable ingpection of the exterior of the spacecraft and the A-8 levt_l

was accomplished throughout the day. At 10:00 a.m. EST, a second astronaut entered the C/M
and removed a few items of Government-furnished crew equipment after it was determined that

they had no relation to the accident. Following this, one member of the Press was escorted to the

A-8 level, and was permitted to take pictures, with the stipulation that he could not enter the

spacecraft. No more activity took place inside the spacecraft on that day.

At noon on .Monday, January 30, 1967, a NASA operation engineer entered the C/M .to

examine the (;as Chromatograph Cable and direct a photographer to take pictures in the vicinity

of the cable. At about the same time, the Apollo 204 Review Board created a Hardware Removal

and Disposition Panel (later retitled Disassembly Activities) to establish the procedures for disassembly

of Spacecraft 012. This Panel immediately c_tablished criteria that required a standard Apollo Test

Preparation Sheet (TPS) for any work or inspection on Spacecraft 012.. Each TPS had to be signed

by both NASA and N.\.\ systems engineers and by the Panel Chairman (NASA) or his delegate
(NASA) and a NAA member of the Panel. These TPS's were necessary to assure proper coor-

dination and will remain as a permanent record of the work accomplished. All prepared TPS's

are contained in the Apol!o 204 Review Board General File•

The first step toward an orderly disassembly was to assure safe working conditions at the

spacecraft. ..\ meeting was held with KSC and Air Force Eastern Test Range (AFETR) Safety

personnel in which it was decided that (I) the Launch Escape. System (LES) should be removed.

and properly stored, (2) the forward heat shield should be removed and all pyrotechnics removed
and stored or made safe, (3) the structure should be examined by structural engineers, and (4)

all pressure vessels should be declared safe, or the pressure should be relieved. It was also decided

that work inside the spacecraft would not be allowed until dust samples were taken and the air

declared free from possible harmful concentrations of beryllium dust. (Beryllium is used in the

structure of the Guidance and Navigation (G&N) System.) .After obtaining Board approval, these

tasks were accomplished and Spacecraft 012 was considered safe for investigative purposes by 10:t_)

, I.)6_.p.m. EST on Thursdav, February 2, _ "'_

The llardware and Disposition Panel prepared and issued a memorandum which stated the

mode of operation for those concerned. It is included as Enclosure 4-4 to this report.

,Members of Panel 5, Origin and Propagation of Fire, cleaned the couches in a carefully

planned manner and documented all phases of the task. Ctlarred data books and procedure manuals
removed froth the couches were carefully packed and hand carried to the Federal Bureau of In-

vestigation I.aboratory, Washington, D. C., in an attempt to identify any notes that may have

been made by the crew.

After a specially constructed plywood cover was installed on the couches, N.\SA and NAA

Quality Control (QC) inspectors entered the spacecraft and recorded all unusual appearances of

hardware, including damaged contponents, but not including superficial damage such as smoke dis
coloration and other accident effects. After more than four hours of inspection by QC, the systems

engineers then entered the spacecraft. Each svstetn engineer was allotted snfficient time to visually
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inspect all of the exposed hardware of his system. This was necessary in order to formulate an

effective plan for an orderly disassembly and to establish an over'all priority for component removal.
Following approximately four hours of engineering inspection, a NASA photographer took a series of

close-up stereo photographs of the C/M interior, including many special points Of interest required

by various systems engineers. Before removing tile couches, the top egress hatch was.removed.

It was recognized that the task of searching the plwsical evidence would be difficult and time

consuming because of the confined area,within the C/M and the small hatch through which every-

thing had to enter and leave. In order to remove the components as quickly as possible and keep

the members of the tnvestigating team informed of the findings, it was necessary to have an en-

gineer and a technician enter the spacecraft to remove the equipment and then have a photographer

take the place of the.technician and document the conditiom after each removal. With proper

distribution of the engineer's findings and the color photographs, all parties with a need to know

were informed of the progress and considerable time was.saved in the disassembly process.

Removal, of the couches posed a unique problem in that it was desirable not to disturb the

aft bulkhead (cress. compartment floor) in any way. The normal removal ,requires technicians to

lie on the floor and work on the couches from the underside. To accomplish removal of the couches

without disturbing evidence, a special platform was built which was supported from the hatch
sill at one, end and from strut attachment fittings at the other end. The technicians were able

to lie on this platform and perform the work necessary to remove the couches,

After the couches were removed, a special false floor, fabricated from aluminum angles sup-

porting removable 18-inch squares of 3/4-inch thick Plexiglass, was suspended from the existing

couch strut fittings to provide access to the entire inside of the spacecraft including the floor,

without disturbing any of the evidence. The false floor, after a check fitting in Spacecraft 014, is

shown installed in Spacecraft 012 in Enclosure 4-5. A NASA photographer then entered the space-

craft and took a series of precision scale photographs of the interior which were later glued to the

inside of a one-half scale model for a three dimensional reference. ,Members of Panel 10, Analysis of
Fracture Areas, then enteres the spaceecaft for an inspection of the structural failures in the aft
bulkhead.

At this point, with the couches removed, Panel 5, Origin and Propagation of Fire, with Mem-
bers and Consultants of the Apollo 204 Review Board, entered the spacecraft to look over the cabin

from the vantage provided by the transparent false floor.

A decision was made to repeat investigation inspections by QC and the various systems en-

gineers. In order to disseminate information and to retain a permanent record of important ob-

sen'ations during this t_]_e of inspection, a TPS was generated requiring a written summary of all
significant findings after performing an inspection but before leaving the A-8 level of the sen, ice

structure. These summary sheets were distributed to all parties with a need to know.

The preparations for disassembly proceeded quite well: however, upon entering the next phase
involving the need for closely controlled and coordinated equipment removal, it became obvious

that new procedures were required. To implement these procedures, the Board appointed a Panel
Coordination Committee (PCC), which included three Board Members and several Consultants.

The first order of business of this Committee was to amend the procedures for accomplishing
work in the C/M. Panel 4 was redesignated the Disassembly Activities Panel instead of Hardware
Removal aud Disposition Panel. Apollo 204 Review Board Administrative Procedure Number 18

concerning the Use and Control of Test Preparation Sheets was published. This procedure covered

the plan anti control by which spacecraft hardware would be removed, inspected, analyzed or

ottxerwise modified. Under this plan, requirements were reviewed by the PCC and presented to the

Board for approval. After approval of a specific requirement by item rlnl;iber. TPS's to implement
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the.required action were generated by.the appropriate NASA/NAA systems engineers and approved
by members of:

NASA, MSC and NASA-KSC Engineering

NAA Engineering

Panel 5, Origin and Propagation of Fire

Panel 18, Integration Analysis
Materials Analysts Branch, KSC
Panel Coordination Committee

Panel 4, Disassembly ACtivities (only in those cases where execution of the TPS involved. Work
inside or on the C/M)

Concurrently, two new categories of investigation TPS's were established. These were the Com-

ponent Analysis (CA) for testing a removed component or a component from spares stock and the.
Material Analysis (MA) for analyzing a sample of material from the spacecraft or from the stock-
room.

By February "7, 1967, this system was fully operational. The concentrated effort of organized

and coordinated equipment checkout and removals continued on a three-shift seven day a week

basis. All unusual or suspect circumstances or conditions were immediately brought to the attention

of Panel 5, Origin and Propagation of Fire, and the appropriate systems engineers for any desired
change in direction.

During the equipment removal, electrical connectors used to connect large bundles of wires

were in general, disconnected; however, if any connectors showed physical evidence of damage,

the wires were cut at the point where they were the least damaged and were clearly identified
with separate tags on each cut end. In the case .of tubing, lines were generally cut at a convenient

distance from the joints to allow a leak check to be performed on the original joint. Exact inter-

faces were photographed and marked prior to disassembly, where possible, so that original con-
ditions could be reassembled if desirable.

All interfaces, such as electrical connectors, tubing joints, physical mounting of components,

etc., were closely inspected and. photographed immediately prior to, during, and after disassembly

as shown in Enclosure 4-6. All disconnects were made over clean plastic bags to catch any debris .

or contamination. Every item removed or taken from the C/M was appropriately tagged, sealed

in clean plastic containers and transported under the required security to konded storage.

On February 17, 1967, the Review Board was satisfied that removal and wiring tests had
progressed to the point that moving the spacecraft would not disturb any remaining evidence.

The C/M was moved to the Pyrotechnic installation Building (PIB) at KSC where better working
conditions were available. The structural integrity of the damaged C/M was questionable; therefore,

a special sling was constructed to be used to remove the C/M and lower it to ground level, This

sling consisted of the standard sling designed to hoist the entire stacked Apollo spacecraft (includ-

ing the Lunar Module) plus two straps at approximately ninety degrees going around the C/M
and under the-,aft heat sh_ :ld. These added straps were designed to Suppo,'t the entire C/M in

case of a structural failure in the spacecraft. The verification test of this sling using a boilerplate
Flight Verification Vehicle (C/M), with the structural interconnection points disconnected to simu-
late a failure, is shown in Enclosure 4-7.

After verification of the sling, it was attached to the 012 Command Module and used to lower

it to a mounting ring on a trailer at the base of the sen'ice structure. The trailer was used to

transport the C/,X! to the PIB. In order to minimize vibration, the speed was held to below five
miles per hour over the 6.6 miles traveled. The moving operation is shown in Enclosures 4.8,

4.9. 4-10, and 4-11. At the PIB. the C/,M was placed in the fixture normally used for alignment
of the Launch Escape System. This fixture, shown supporting the aft heat shield in Enclosure

4-12. was used for a period of 18 days to support the spacecraft during equipment removal and
special testing,
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With the improved working conditions in the PIB, it was found that a work plan of two

eight-hour shifts per day for six days a week was sufficient to keep pace with the analysis and

disassembly planning. The only exception to this was a three-day period of three eight,hour shifts

per day, utilized to remove the aft heat shield, move the C/M to a more convenient work station

(Enclosure 4-13), and remove the crew.compartment heat shield (foreground of Enclosure 4-12),

This activity took place on Mal'ch ?, 8, and 9, 1967; The planned disassembly of the C/M was

completed on March 27, 1967.

In general, non-functional panels and low-suspect hardware were removed from around areas

of suspect or heavy damage. This was done to gain better access t'or inspection and component

removal within damaged areas without disturbance of evidence.

b. CATALOGING AND DISPLAY OF ITEMS REMOVED FROM THE SPACECRAFT

In accordance with the task assignment for Panel 4, Disassembly Activities, the Panel took

immediate action to catalog and place on display, the hundreds of items that. would be removed

from C/M 012 during the course of the investigation. The KSC PIB was assigned to the Apollo
204 Review Board as an area in which components removed from the C/M could be placed in

bonded storage, but be available for. inspection by personnel associated with the investigation.

The following areas were established within the PIB:
(i) BOND ROOM -- A bonded area to receive components as they were removed from C/M

012. This area was provided with a ,receiving table; ten storage cabinets for small components,

areas for large components and items associated with the investigation, but not from the C/M
itself. Enclosures 4-14 and 4-15 show the interior of this room.

(2) ASTRONAUT EQUIPMENT ROOM AND WORK ROOM --An area in which the

spaeesuits and other Government furnished crew equipment were investigated.
(3) BONDED DISPLAY AREA -- An area in which components could be displayed under

controlled conditions. The purpose of this area was to permit investigators to make visual exam-

ination of C/M (112 components. Work other than visual examination was not permitted in the

display area. Enclosure 4-16 sLmws the components that were on display on February 21, 1967,
and Enclosure 4-17 on March 14, 1967.

During the course of the disassembly, there were approximately 1025 items removed from the.

spacecraft, logged, and either placed on display or held in bonded storage. Enclosure 4-18 is a list
of these items by log number. This list does not include nearly 250 items that were logged into
the PIB Bond Room from the launch complex and similar areas of concern (not removed from

the C/M); however, these items were numbered in the same series, resulting in a total of over

1250 items. A set of C/M drawings was prepared and distributed that was marked with the re-

moved-item log numbers, indicating the area in or on the spacecraft from which each one was
removed. In addition to these documents, which were issued weekly as the disassembly progressed,

a third document showing the display location of each removed item was prepared daily and

distributed weekly, and a fourth document was updated daily and distributed weekly showing the

location of all logged items that were carried out of the PIB for further analysia.

(4) COMMAND MODULE 012 WORK AREA - At the PIB, the C/M was placed in a

supporting ring within an existing workstand. The C/M remained in this area until the aft heat
shield was removed. The C/M was then transferred to a standard support ring in the north end

of the building. While in these areas, technicians continued to disassemble the C/M in accord-

ance with approved TPS's. These two work areas are shown in Enclosures 4-12 and 4-13. After

a component was removed from C.'M 012. it was photographed and then sent to the appropriate
bond area.

(5) SPACECRAFT 014 COMMAND MODULE -- Spacecraft 014 Command Module was

shipped to KSC on February 1. 1967, to assist the Apollo 204 Review Board in the investigation.
This C!M was placed in the PIB as shown in the foreground of Enclosure 4.19, and was used as
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a vehicle for practicing diffieuh removals of (i/M 1)12 components.,

(6) MO(:K-UP N(). 2 -- Mock-up No. 2, ,it full-scale plywood C/M, was also brought to

KSC and placed iu the PII4 on l:ebruary 8, 1967, as shown in the background of Enclosure 4-19.

This mock-up was conl'igured with Velcro, debris traps, couch positioning, etc., to duplicate the
C/M 012 configuration at the time of tile fire.

(7) ItAI.I"-S(:AI,I" M()(:K-LII' -- A half-seale mock-up of a (:/M interior was placed in the

bonded display area on leeln'uary 8, 1967. This mock-up was used to display ha!f-scale intcrior
durlace photographs taken after tile fin' in C/M 1112.

l)rawiug S(:X 311905, Rev. A, inciicates tile layout of tile wttious areas within the I'IB (En-

closure 4-20). St'eurity wits maintained within tile lqB through the use of acCc.'ss lists, Sign in/out

lists, and guards stationt'd at the maiq entrance and at the entrance to each of tile bonded areas

within the building. (Set" guard station A, B, and C on l'nclosure 4-20.) Guard station B was
discontinued after ('/NI 012 was moved to tile bonded work area at the north end of the PIB.

,\ tnend)t'r o1' l)anel 4 l)isassembly Activities was also present in tile PIB throughout all work
periods.

c. REIA".\SI'] ()1: I.MI'()L'NI)I'I) I'](_UII'MENT -- hnmediately after tile accident, all Spacecraft

012 equit_ment and associated data, and also the l,aunch Vehicle, at KSC were impounded. This

was doue to establish the configuration of the spacecraft, associated GSE, documents, personal
tools, anti tniscellaneous items.

.\ .Material Release Record System (MRR) was devised by the Review Board to control the

release of all impounded items. The MRR was the method used to classify items in one of three

categories as determined by the :\polio 204 Review Board. TIle three categories were as follows:

(I) C..\TI,(;()I_,Y A -- Items winch may have a significal,t influence, or bearing on the resuhs
or findings of the .\polio 2(14 Review i_oard.

(2) ('..VI'EG()I(Y B -- Items other than Category "'A" that arc considered rclcwmt to the

.\pollo 204 l{cview Board investigation.

(3) C:VI't"(R)RY C -- Material released.from Board jurisdiction.

Impoutaded items were systematically reviewed and approved on MRR's for release from Cate-

gory A to Category B .or C by the Apollo 204 Review Board. In those cases for which no con-

straints to release were made, tile items were processed for release by TPS's written and signed

by the appropriate NASA or NAA systems engineers and signed by the Chairman of the Disassembly

Activities Panel. In addition, the TPS's wcrc accompanied by release letters signed by the Dis-
assembly Activities Panel Chairman.

In those cases for which constraints to release were made by the Review Board, TPS's were

required to show precisely what steps were to be worked in order to clear the restraints. \Vhen

the restraints wcrc removed, the items were released by TPS's and release letters..

The Spacecraft 012 C/M, its systems and components, will be retained in bonded storage in

Category A or B at KSC. All GSE was appropriately released by MRR. All prepared NIRR's

arc contained in "'Schedule of Physical Evidence"; Appendix F to the Final Report of the Apollo
204 Review Board.

Enclosure Description Drawing or

Neg. No.

4-1 Level A-8 • Looking.toward East Wall B-128-1-C

4-2 Level A-8 • looking toward North '.Vail B-128-2-C

4-3 Level .'\-8 - close-up of Pad Leadtr's desk B-128-5.C
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4-4

4.5

4-6

4,7

4-8

4,9

4-10

4-11

4-12

4_13

4-14

4-15

4-16

4-17

4-18

4-19

4-20

Hardware removal and disp.osition panel modus operandi

False floor installed in spacecraft

Electrical interface photography

Special sling verification test

C/M being moved out of service structure

C/M on special _ling being lowered to ground

C/M being lowered onto trailer

C/M moving out of gate at Complex 34
Aft heat shie!d in alignment fixture with crew-

compartment heat shield in the foreground
C/,M in final work station, with all heat shield

removed

PIB bond room looking toward the North wall

PIB bond room looking toward the South wall

PIB bonded display area on February 21, 1967

PIB bonded display area on ,March 14, 1967

Items removed from S/C 012 and placed on display

or in bonded storage.
C/M 014 a_:d C/M *lock-up 2

AS-204 component arrangement in PIB

Memo dated

Feb. 2, 1967
33.72C-3

139.315C-11

94-205-2

109.281C-3

113.276C-1

I09,282C-6

111-286C-4

303.651C-2

303,654C-1

303,654C-2

303-654C-3

142-322C-3

303-651C,3

303-651C-5

SCX-311905
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TO: Those Concerned

S,JBJECT: Designation of Hardware Reiuoval and DispoSition Panel _

.% l lardware Retnoval and Disposition Panel has been e_tablished to plan and control the removal and

disposition of AS-204 spatecraft hardwai'e. The ChairnSan of the panel will report to the Chairman of

the Board of Inquiry who will approve the plan and be kept informed of all removal and disposition

actions. The composition of the panel is as follows:

Scott H. Simpkinson Chairman .

Sam Beddingfield Member

John Moore Member

Patrick J. Hanifin Member

The panel may. call upon MSC, KSC and NAA for necessary assistance in accomplishing its assigned
task.

After an intended removal and disposition action has been planned and approved by the Chairman of

the Board of Inquiry, the actual removal and disposal work within the local KSC area will be executed

by the Panel through the normal NASA and NAA pad and industrial area organizations. The Panel

_.'ill provide written instructions (in accordance with APOP procedures1 and broad supervision to desig-

nated NASA and NAA operations engineers. The designated operatiom engineers are Ernie Reyes,

NASA, and Bruce tlaight, N:\A. The two designated engineers will arrange for necessary alternates
to act for them during extra shift operations. The operations engineers will arrange for access to the

pad and scheduling of their work through the Test Supervisor on duty at .I,aunch Complex 34.

The following will govern the operation of hardware removal and disposition:

1. WORK AUTilORIZATION AND DOCUMENTATION.

a. TEST PREPARATION SttEE'I

All work on S (: (112 and on the spacecraft GSE that is, or has been connected to the space-

craft, is to be authorized by Test Preparation Sheets (TPS's). The TPS is required to be wt'itten

and signed by NAA and NASA KSC-SCO Systems Engineering. The TPS is approved by signa-

ture of a NASA and a N.kA member of the Hardware Removal and Disposition Panel.

(1) A specific and complete statement of the "'reason for work" is required on each TPS.

(2) The TPS's are to consist of step-by-step work items written in a detailed manner that will

leave no question as to what is specifically required to be done.

(3) No wire bundle electrical connectors are to be disconnected without specific call-out by

W/B connector number of the TPS.

(4) All work on the spacecraft is-to be accomplished by NAA technicians unle_ othetas'ise
indicated on the TPS.

(5) All work is to be wime,sed by .NASA KSC-SCO and NAA Inspection. In addition, it is

the responsibility of the HRD panel to make sure that the TPS includes the necessary requirements

for official obse_,ers when required. Upon completion of each TPS work item, the item is to be

stamped by NASA, NAA Inspection indicating completion.

{6) It is required that TPS's which authorized removal of equipment from the spacecraft con-

clude with the following statement as the last item of work: "'Transport equipment to the Pyro

Installation Building (PIB) and stock in bonded storage."

{7) %Vork or examination-of the equipment upon removal from the spacecraft must be authorized

by a subsequent TPS which is to begin with a statement that authorize* removal of the ,equipment

from the bonded storage room. if required.

(8) Upon completion of work authorized by a TPS. it is required that a summary statement

be made on the last TPS rood sheet by the NASA NA:\ Systems Engineers. The summar 3" state-

ment is to include all items of a significant nature that were.obsctwed during the work activity

indicating where [ollow-up action is needed.

ENCLOSURE 4.4

(Sheet I of 4)
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b, FPS M_)I)IFI(L\'I'I()N ,_II['EI'._

Whenever ,I 'I'P_ is rdquired tu hc nlodified in order to ,lllow ct)minuance Of work activity,

,i 'I'PS .uod sllct't is required The 'I'P,_ rood sheet is required _o be written and signed by N.\A

and NASA K_(: S_:t) ,';.ystcm,_ l'ngineering aml the Ch,firnlan of tile l[,u:dw,lr/," Rcnmval and

l)tsposit it)n P,mcl, I n ,lddilio.l

(1_ .\ .qt)/'ci[ic and colnplctc .,,l.ltenlcnt of the reamn fl)r tile ln(,xI sheel is required oll each 'I'P,R,

(2} 'l'tlc 'l'l'._ nliul shc(-t must authorizc work that i_, will, in tile intent t)f tilt" original 'L'PS.
c, P.\R'I'N INST.\I.I..VI'IOX AND I_,EM(,)VAI, RI';CORI)

All cquipnxt-nt or. m,ltcri,iI rcnlovcd fron_ tlli _ spacecraft must he doctnui'ntcd on a Part,_ ln-

st,lll,ltiou ..'Ind Rcnlov,ll Record (PIRRL The inforlnatit,n nt)tcd on tile PIRR consists t)f ,I part

munl)t'r ill .lv,lil,li)lt' or ,ipplicable): a dt'scriplitm of tht" /:quipnldnl t)r nlal("ri,ll; and tiine and
d,ttC t}l I't'llR)v,II.

'I'hc, PlRR is to [)c used ,is noted in the .\l;t)P. with Q (: required Io buy ofl ,111 entries.
d. P.\R'I'S T.,\(,I.

All cquipluent or nl,ltt'ri,fl rcnlovcd front the sp,icecraft must l)t, t.tggcd with ,i parts tag. Thc
lag is to bc ,itt,lchcd to tht" h,u'dwarc in such ,i |harmer Ih,II will not affect lhc col_dition of the

cquipuitnt. Tht' lag is to bc ,Ittacht'd to the toni,tiller or bag that Lhc liI,Ittrl,iI is plaued into.

(1) l'hc p,u'ts tag i,,, to acconq),my the cquip.mcnt t)r m,ltcrial ,It all lilieS.

(2) I l,u'd_ arc r<'umv.ll t,lpe:

|I is requu't'd that prior It), relnov,II of spacecr,tfI hardware; sp;tt'ct'r.tft .#),vst¢iIl O,)lllpOIIelll$;

disconnect of sl),tct'('r,lfl clectric,ll ct)nnt'ctors; ,lnd, disco,lnect t)f spacecraft phnnbing lines, ,l
sht)rt length of silvcr,gr,ty t,q)c he attached across tile ln,ltmg lille bcts_ccn the hardware to I)c

removed and the adj,tcent hardv,,nc rctllailting in the sp,lc¢craft.

An indexing line is to I)t" then nlarkt-d ou the tape with .i black ball-t_)int pen ,It right

,lnglt's it), ,ind ,io'.- ,',, thc h.u'dw,u'c ln.lting line, .\ mnnbt'l corrd.lting to |hi, spac¢cr,tfl h,lrd

_v,uc rt'nlov,ll ft)rln cnlry is also to bt" writtcn t)iI each Clld O| IIIC t,lpt"

Thc t.tpc is lht'n cut ,lIon B Iht" h,I,'dw,u't; nl.ltinK lint" and ||It" h.lrdw,n't- is rcllnl)','ed iroln

I|lt" sp,lct'cr,lfl

"l'hc ptlrposc of thc indexing tape is to provide ,i cap,utility t)f dlq)lic.lling Iht'.,is._vas

illst,lll,ltit),l ,is ,Iccut',llt'ly ,Is t)os,,,i|)lt', if.Ind when nt'cessary.

c..\P( )I.I .( _ I'R E-l,'l. IGI I I' t )I'i.'.I(.\I'I(_) N,'.i I)R( )( :I.'DU R ES .%1.\N I,'.\I. tAP(. )I').

l'hc .\Pi)P l._ tht" rt'ft'rt'lwt" dot'llll),eill It) I)¢ IIsed dtlrlllbl .Ill Wol'k activity ou the s|),lt't'cr;Ift

\_'ht'i't" difftrt'uct',s t'xlst bt't_ccn lid, lilt'lilt),llld tile Ai'(_I', thi_ tnt'lIR) is rite ruling t.|t)Cillllt'lii,

f..\ _cp,u'.ltt" invt'slig,llitm l'.\lb_ I)t_)k has bcell establishing ,rod .Ill 'I'I'W_ .tssoclatcd with spacl'vrait

_Sol'k, inchlding t,Sl'. _lll I)t' rt't,unt'd in Iht" invt'stigation "I'.\IR hia)k. (lot)les o1" co,tq)lttt'd 'i'PS
with .ill dt'vi.ltlons. Illtld shrcis, muunl,lrirs, ,u)d other iit)l,tlttttls, shall I)i_ |tlrlllsht'd to lilt" Ch,iirnl,ul.

tlliC It') hi" distri|)utt'd IO lilt" |I[tl,tl'd

2 Wt)RK ,_I.'PI't)R 1'

,i t)l'l:R.\l'l_)N._ ENt,INI.'I:R1Nt;

11 ix I't'tlltlt't'tl Ih.tt .N.\.%.\ KS('. SIR} and N.\.\ ()|)cl,ltlt_lls l';ngult't'r,_ b(" on duly ,It tile _t).lcc
t'I.l[I till .Ill 0ItX)llllt| tilt' t'ltwk I)°lsls

(l) Th(" tlpt'r.ltio,ls E,lgult'rrs .-t'l)rest'nl Ihe IIRI) Pa,wl .it. the Sl).Uetra|t and .it thc I.)IB

'l'ht", are in <barge o( the opt'r.ltlon,; .ll the ',)1I¢_

(2_ 'l'hc ()pcr.lllon_ l';ngulecr.,, havt" the rt'sp_)nsll)lht'_, It),wht'dulr the d,Ill% sp.tct'cralt .Icllvll..

Ill (let,Ill I'ht'v ,list) h.lvc tile .lllihtll'll% ttl '_h)t) _,_,t)l'k till Iht" 5t),t¢O,'r,ll'l _ht'll de@llit'd II('t't'_,_,II'}

('.{} |'Ill" _)|'_l'l',ltIOIl'i |_lll_lll('t'FS-,Irr re l)on_ll)le It) Ill°lllll,llll ,I '_|).lt'_'cr,tft Itlg. _,|llt'h dtK'lllllelll:,i

.Ill .Ictlvll_, t)ll lilt" ',l).it'¢_:r,ilr oll .Ill hourly l).lm_ \ it)l),, of lhr.l,),R l'_ It) he l)n)_,l(h'd It, thr IIRI)

l)ant'l .ind t,_tt) lu' ulul.ltcd tm .l d.ul: h.t,u_
h ._Y,_ II-'.M_, I".\IIINI".H,tlN(i
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It is rc_luircd dmt N,\_.\ K._(:-.%(:() and N.\.\ _'I'_]'I':M_ I.n_umers be on duty on a fi,'._t

shift basis with ,m evening shift comact ._tu'cificd hy f_ame.

c. t_l,'.\l,l'l'Y CON'I'Rt }i.

It is required that X.\_.\ KS(:,SC() ,u'ut N:\A [nspc('tion pc::sonnel he assigned at the space

cr,dt on ,m ,u'ound-th/,'-clock basis, It is rcguired that NASA KS(:-St'.t).mtt N.\.\ lnspt+ction hr

assigned in th," PIB bund('d storage ¢,+tml t+,_ all arl._SllS{l the-clock basis.

G ENER.\I+

1. No task will be inmatcd until tho,_e mdlviduals assigned m a_'consplish the task arc thoroughly

briefed by+ the r_ponsihlc engineer and the Accident lnv¢'stigator. No+disassembly .task will be pi, r-

formed.oil ,% C <}12 until the same task has bccl_ perl\_rmed on S (: 1114 by thr same .individual.

2..\cct,'s,,+ to. the spacecraft area will be tightly cm_tr011ed and will be rmtricted to those individuals

wh,:_ have a slu,'cific task associated with the accidem investi,_almn, specific pad acct's,_ will be con

trailed t,rc the trot supt,rvisor +alS duty at l.,ittt'tch I,:omplex 34 thnmgh tile pad leader at the {,2otlltltalltt

Module.

_4. Reel uts, ts Ior work ill tile spatter,tit, or' oil-any equipment attached to the spacecraft will crone

from unly Lmc murce, defined ass f_llmvs.
"I'IIF. .\Pt)l.l.() 204 RI.'VII:_V IR).\RI). When a specific task has betas defined by tile

..\polio 2t14 Review Board. the ,apphcablc systems group will he directcd by the llard_are

Removal and l)is[x)sition Pand to prepare ,t 'l'PS of the task h)r submittal to the Revie_ Board

for apprt_val, if indicated in the task request by the Board. The "I'P,%, a more detailed pl,m of the

task to be accmuplished, will contain the applicable signaturm of tile Hardware Removal and Dis

position P,mel a_ discu.,+mut tn paragr._ph I abt_ve.

s ,S_ct_t! tt. ,%iz_kin_m
(:hairmatl

Member

s anok tills for ,% T Pleddin i<,ld,1:_ , +., .... ._ --_
,Member

.,, l:atri_ck_J, ll.mifin
Member
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I II _1

Modification to Memo "'Desttgnation of ttardv,'are Removal :ind Disposition P_tnel'"

Mr. l)ean F. Grimm is assigned as a special representative of tile ilRD panel to work in the PIB,

Mr. Grin,m is authoriz_'d to sigti all TPS and rood sh_rets for the ttRD panel for v,'ork in the PIB.

The designated operations engineers are Mr. R. G. Covel of N.\,qA, aud R. A. Gol:b of NAA. The

two dt_iguated engitieets will arrange for n('t'es,sary ahernates to act for them during extra shift oper-
ation_.

Paragraph 1. (a)ste'p 5 is modified to read "'All. work is to be witnessed by both NASA KSC-SC()

and N.kA Inspection unlt_s specified otherwise on the 'ITS".

Paragraph 1. (b_ is modified to read "'Whenever a TPS is required to be modified in order it) allow

ctmtinuauce of work activity, a "I'PS rood sheet is rt'quircd. The TPS rood sheet is required to be

written and signed by NAA and N.\SA-KSC-SCO system engineering and the Chairnltan of the tlard-

ware Removal and Disposition Panel if the Chairman is present. Mr. S. T, Beddin#ield is authorized

to sign in the chairmatx's absence. If Mr. Beddingfield is not preseut then the astronaut on duty can

sign ."

(1) A specific and complete statement of the reason for the rood sheet is required on each TPS.

(2) The TPS ruod sheet must autltorize work that is within the intent of the original TPS.

(3) The Chairman of the ctmmfittee must be appraised of the rood as st+on as practical.

The following astronauts ,,,,'ill be on dttty:

Major l)orm Eisele

(:aptait_ Stuart Rt+osa

Major Ed Givens

(/aptai.uJohn F. Swigert

s: Scott !1. Simpkinson
Chatrma,a

S. T. Beddin_field

Member

s ,I. M. Moore
Member.

Patrick ] t_t_jnif!l) .......

•'_Iember

.... Ill -

ENCLOSURE 4-4

D-4-20



ITEM REMOVED FROM $/C 012 AND PLACED ON DISPLAY OR IN BONDED STORAGE

LOG No.

Revised 3/4/67

NOUN PIRR No. TPS

I

2

3

4

5

6

7
8

9

10

11

12

13.

14
15

16

17

18

19

2O
21

22

23

24

25

26
27.

28
29

30

31

32

33

34

35

36
37

38
39

4O

41

42 .

43

44.

45

46

47
48

Bolt Assy 38 001

Boh Assy 36 001

Bolt Assy 39 001
Bolt Assy 3? 001

Screw 21 004

Splice. 19 (X)4
Splice 15 004

Splice 17 004

Splice 18 004

Splice 16 (}t)4

Splice 13 004

Mating ttardwarc 40 001
Mating tlardware 42 001

Mating Hardware 44 ()I)l

Mating t tardware 43 001
Switch Lock N/A N ,A
Debris I O01

(Oil) Debris 3 004
Debris 5 004

(Rubber Finger) Debris 6 004
Debris 11 004

Debris 12 004

Debris 14 004

Debris 20 004
Debris 23 01()

Debris 25 (}1(1

Debris 32 I)1)1

(Filler) Debris 47 I)1)3

(Filler) Debris 48 003

(Filler) Debris 49 01):_

(Filler) Debris 50 I)03

(2"ape) Debris 51 1110

(O..C Note) t lardware ....
B.P.C. FWD Sect. 3644 1)01

Boost Protect lIatch ....

Boost Protect Cover 11) 11t)4

Boost Protect Cover 9 I)1)4

Boost Protect Cover 7 004

Boost Protect Cover 8 004

I:V,I} lleat .'ihichl 105 I)03
Switch Checklist 142 1112

Pilot Logbook 141) 012
Divider. 145 1112

Debris 147 012 •

l)ebris 150 1)12
Pack.Pad 146 1112.

C,,vrr_ Divider 144 012

( R. I t. Ctnlch) L. I I..\ml Rest 139 1112

ENCLOSURE 4.18
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49 Back Pad

50 Handbook

51 (Pilot) Logbook .
52 Debris

53 Debris

54 Paper
55 Cobra Cable

56 Small Debris

57 Small Debris

58 - Small Debris

59 Small Debris

60 Small Debris

61 Cable Run

62 Loose Debris
63 Debris

64 Back Pad

65 tlead Rest (Center)
66 I Iardware for Head,Rest

Center Couch

67 tlead Rest L.H. Couch

68 ttardware for Head Rest

L. t I. Couch
69 Itead Rest.R. tt.

711 [lead Rest R.tI. Ilardware

71 Leg Rest R.tt. Couch
72 Hardware Seat Belt
73 Screw

76 Inner llatch

77 Outer t latch
83 Debris

97 t Iand Controller

99 CTR Couth I,eg Rest

I011 I..II.Couch Leg Rest
I01 l)cbris

11)2 I,.11. Cre_ Couch llardware
103 Bracket

1211 Base Assy
131 SCS Phase Inverter
136 Translation Controller

1 t 1 Egress Tun. I latch

149 1 Bag Debris

1511 1 Bag Debris

151 1 Bag l)ehris
152 1 tlead Rest Pad
159 l)ebris

160 I)ebris

161 Pip Pin
I(i2 112 llose Umbilical

163 112 lIose Umbilical

l(,i I12 _!,)s, Umbilical

I(15 Torque ['tlhe
I 1)(i II, .)k

11)7 Ill_)k

11)8 ilt_)k

148

141
138

149

151

143

158

159

156

160

157

154
153

155

137

152

161

162

168
169

175

176

182

18'.1

184
189

190

135

187

191
221

225

222

192

226
256

268

276

271

272
273

275

292

'_).5.()
293

9-79

278

28O

203.

336

:135

'.1'.i7

thru 167

thru 174

thru 181

thru224

thru 194

012

012

012

012

012

012

012

012

012

012

012

012

012

012

012

012

015

015

015

015

015

015

015

015

015

016

016
O04

015.

015

015

015
015

015

015

018

(122

O23

()IF)

015

015
018

018

1118

024

(123

O23

O23

024

012

012

012
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169

170

171

172

173

174

175

181

192

193

194

195

196
197

198

199

2OO

2O I

2O2
2O3

2O4

229

23O

232
233

234

235

236

237

238

240

241

242
243

249

2."_)

251

252

254
258

25.9

260

261

2',2

263

2_i-I

265
.:_fli

267

268

2tbq

27O

2;'2

273

L.H. Crew Couch-

R.lt. Crew Couch

CNTR Crew Couch Back Rest

R/H ZZ Strut

Z Axis L.H..Strut :Xssy

R.H. Couch Strut :\say Head
L.It. XX Strut

• Pitch RCS 8 PC Access
Debris

Bolts

Bolts

I.oosc Debris

Boh-Nut Washer

Bolt-Nut. 2 Washers

Docking ! tandle
Boh-Nut 2 Washers

Boh-Nut Washer

Pip Pin
Bolt- Nut .Wash, r

Bolt-Nut Washer

Bolt-Nut Washer
Panel 319

:\tten. Panel ..\ssy

Insulation from Translation Controller
Comp "'C" Scientific
MDAS

(For MI)AS) Screws

Food Compt. Door

Garment Compt. Door

Disconnect Pl01 (in S, C)
G&N Panel Screws
Screws

Panel

G&N Front Panel 1102)
Water Gun

V; (; Bracket

Panel

Screws

Panel .-\ssy

Entry "'.V'. Batte_.
l'ntry "'IV" Batter_.

Post I.anding Batte_.

Batt Mounting tlardware
•_uit Ventilator

Suit Ventilator

Suit Ventilator

.Nuit Ventilator

Suit Ventilator
Suit Ventilator

Suit Vt'ntilator

Sutt Vtuxtilator

| t'rlltttt.t[ l{t),lrd ('o _,t't
%t' I't _,'. ,)

358

308

301

302
3,54

307
360

325

359

_)9

'.._8

30O

357
353

297

306

3O4

296

356

3O5

355

339
34O

269

351

348

350

341

366

349
367

352

363

368

373
374

376

375

383

402

4113

41}4
4O5

NA
N.\

N.k

N.\

N.k
!'31

132

I '.it

401,1

409

4111

024

024

O24

O24

O24

O24

024

018

024

024
O24

O24

¢)24

024

024

024
o24
O24

O24

024

032

032

O22

011

011

01]
t)33

033

O48

O48
O48

O48

050

050

0St)

05tl

053

060
0[i0

(lO0

{lift)

oi 4

014

014

014

I)14
oi,I

o14

01,I

IHII

{140

08{1
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274

275

276
278

279

2811

281

283

284

285
286

287.

288

289

2911

292

L_.)3

294

295

Lx96

297
298

299

30O

301

3O2

3O3

3O4
3115

3116

3O7

31}8

3119

310

31 l
312

313

314.

315

316

317

319

32O

321

;22

t23

,21
325

32f_
12_)

i31

Terminal Board (:over, 411

Terminal Board (:over 413

Screw . 412

.Main (:hute 419
Main Chute 4211

Main Chute 421
Rctentioa Hap_ 426

Retention I:lal) '12t

Retention Hap 425

Screws 423

Screws 422
Brake Cord 4311

Tyrap's 427

Nor Mex (:ord 4_
(12 Analyzer 1118

02 Analyzer 109

l(i mm Sequential (:amera 4811

(:able .\ssy 476

Spit Cobra Cahle 4116 & 437
16 mm Sequemial (:amera 4811

Settsor (-:able & Sensor 483

Power (:able 484

Cobra Cable (SS RI )) 477 thru 479
IIydro Meter Control Unit 482

16 mm Power (.:able 481
Lithium & Charcoal 447

SCMD Cable :kssy 439 & 4411
Sample on Kim Wipe 432

..\ttenuation Panel 1313) 486

Bag of LIOIt Crystals 4511

Comp...\ Odor Absorber 446
Vacuum Cleaner Bag 485

Bag of Carbon 449

Screws 487

Connector Module. 448

18 ca. Samples 451 .

112 Panel 49',1

"@rews 41t4

I I20 Panel 4ql
Panel R.II. E. 11. 489

Screws 490

Screws t ti2
Metal Chip 51)1_

I,.I1. Piece of Wire Switch Guard 5117

R.I I. Piece of Wire Switch Guard 5118

Screws (41 Nuts (3) Washers {2) 512

(:over Plate & Mount t [ardware 511!1

( :()2 Sensor 513.
Bracket CO2 Mount 514

112Tank 523

112Tank .\Iounting tlardware 524

Steam l)uct & .Mounting Ilard_vare ")2(_ thru 52q
,"it'l'i'_,,s 12 ca.] 5"18

_,rl:_tt (2 l'a.) _-ii) -

l'uht' .")5 "l

O4O.

(}40

11411

1167

1167
O67

1167

067

1167

I167

1167

O67

I)67
11117

OO7

071

071

o81

081
1181

071

I)81

O81

O39

I)71

O62
1139

O39

I)39

I):1.1t

113.9

1139

O69
079

lib3 •

I163

Off5

070

(iTii

111)3

I)_fl

(i_(i

(186
I)711

082
1191)

1)qlI

O92

092

O94
11)*i

lllq

Io8
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332
333

334

335

336

340

341

346

352

353

354
355

356

357

358

359-

368
37O

376

377"

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

401

402

4O3

403
406

407

4O8

409

_10

411

418
419

t2t)

421
422

423

424

Water Glycol in Plastic.Bag

Pyro "A" Battery

Pyro "'B" Battery
Access Panel.

Tube

SCrews

Samples
Sectorgl Fairing

Screws

Screws

Screws
Lock

Lock
Lock

Clamps
Elect. Module

Container

Debris Valastat

String Tie
.'Melted Metal
Tension Tie Bolt

Counter Sunk Viasher

Spacer
Washer

Nut
Tension Tie Bolt

Counter Sunk Washer

Spacer
Washer

Nut

Tension Tie Bolt

Counter Sunk Washer

Spacer
Washer
Nut

Strap Assy

Clamp
Bolt

Ablator Pklg
Bolt

Panel 24
Panel 24 Hardware 16 Screws

02 Valve I landle

LIOII Canister

Plug Ablator
Shims

Debris

Gas Chromatograph Conn. & Wiring
A-N Tee Bulkhead

Water Line Assy
C()2 Sen_r Line

('()2 Sensor Line

Water Line

Delta P Sensor

622

556 .

557

550

560
644

623
652

650

649

670

640

639

638

654

651
656

667

665

666

668

669
67O

671

672

673

674

675

676

677

678

679
680

681

682

684

549

693
685 thru 687

688

001

002

0O3
(X)7

008

012
Ol l

031
019

014

016

017

015

020 & 023

108
109,

109

100

108

112

079

112

112

112

112

112

112.

112.

112
562

155

116

116

112

112
112

112

112

112

112

112

112

112

112.

112

112
112

112

S/C
S/C

112
112

012/S/C 112

012/S/C 097

112

IV S,'C 012 C/M 041

IV S/C 012 C/M 041

IX" S/C 012 C/M 041

IX" C/M 061

IV C/M tgt3

lb" C/M 061

IX" C/M 061

IV S/C 012 C/M 075
IX" SiC 012 C/M 074

IV S C 012 C/M 074 .

IX" S_ C 012 C/M I)74

IX" S/C 012 C/M 074

IX" S/C 012 C/M 074

Ib" S,(" 012 C/M 074

i
J
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425
426

427

428

429

430

431

432

433

434

435

436

437

438

439
440

441

442
443

444

445

446

447

448

449

450

451
452

453

454

455

456

457

458

459

460
461

462

463

464

465

466

467
468

4(¢.)

47O

488

489

49t)

491

492

493

494

495

Compression Pads
Diffuser

Bracket

Screws

Floodlight Hardware

Floodlight Guard Connector

Floodlight Hardware

Floodlight
Floodlight
Watch

Sunglasses
Scissors

Penlight
Survival

Neck Dam & Pocket
Shroud Cutter

Penlight

Inlet Temp. Transducer
Bolts

Debris
Debris

Washers
Debris

Kim Wipes
Debris

ECU

Bolt ECU Mount

Washer ECU

Nuts (ZEA) ECU
Washer ECU

Bolt ECU

Line, Tubing ECU 3/8" OD (Debris)

Line Tubing 1/4" OD (Debris ECU)

LIOH Debris (ECU Removal)
Hardware (ECU Removal)

R.tt. (XX Foot) Floodlight
I,.1t. (XX Foot)Floodlight

Console Floodlight

Console Floodlight

Vial of Liquid (ECU)

Food Compt. B-C-D-E
Plate & Mount liardware

Panel Assy

Screws, Food Compt. Douhler
Doubler

llSE Recorder

Panel #25

Hardware for Panel _'25
R.}t. Rendezvous window

Screws. R.tl..Rend,.zvov W':_d,w

Ablator Plugs R.I-I. Revd. 'Window
L.H. Rend 'Window.

Screws. I..II. Rend. 'Wivdo_

.\hlator Plug_ I,.I I. Reml Window

025

024
030

033

033

034

037

033

037

046 ........

047

048

049

050

051
052

053

045

054

061

062

057

065
064

063

054

055

058

059

060

066
068

069

072

073

075

O74

079

078

082

083

084
087

085

O86

092

O97
102

I08

107

103
106

105
093

&. 104.

& O94

SIC 012 C/M 036
036

036

SIC 012 SIC 036
032

032

033

032

032

IV C/M 076

IX' C/M O76

IV C/M O76

IV C/M 076,

IV C/M 076 .
IV C/M 076

IX' C/M 076

IV C/M ,076

IV C/M 074

IV C/M 074 -
IV C/M O74

IV C/M 074

IV C/M 074

IV C/M 074
IV C/M O74

IV C/M 074

IV C/M O74

IV C/M 074

IX" C/}I 074

IX' C/.d 074

IV C/M 074

IV C/M 074
IV C/M 074

IX" C/M (174

IV C/M 074

IV C/M 074

IX" C/M O59

IV C/M 059
IV 029

IV O28

IX" C/M O74
091

09l

091

091

091

O46

IX" C/M O25

IX' C/M O25
IX" C/M 089

IX" C/M 089

IV C/,kl 089
IX" CiM 089

IV C/M 089

IV C,M 089
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.

496

497

498

499

500

501

5O2

503

5O4

5O5

506

5O7

508

509

510

511

512

51'3
514

515

516

517

518

519

520

521

522
523

524

525
526

527

528

529

5',_11

531

5'32
"_33

53-I

535

536

5'37

"_'38

3'39

54O

5tl

5t2
5-t',4

5,1,1

545

."_4[_

5.17
548

5,1q

,Mylar (Small piece in Bag)

Signal Conditioner Bohs

Dummy .Xlodulc

Dummy Module

Dummy ,Module

Dummy Module

Dummy Module

Power Supply

Spacer

Front Retaining Plate

Front Retaining Panel
Attenaator Module -

Amplifier
Attenuator Module

Dummy Module
Attenuator Module

:\mplifier Module
..\ttenuator ,Module

Front Retaining Plate

l)ummy Module
..\ttenuator .\lodule

l)ummy Module

Reg. Module

Reg..Module
AMP Module

AMP Module
.\.M P Xlodulc

Data File, Door & Hinge Pin

Spacers - Top & Bottom, 5ig. Coud

,] 1 ,Module

,l 2 .Module
,J3 ,Module

,] 4 .Module

,]5-hlodulc

.16 .\lodulc

,17 Module

,]8 .Module
.]27 Module.

J28 Xlodule

J99 ,Module

,130 ,Module

,]31 Xlodulc

,] 32 Xlodule

,J33 Module

,I34 .Module

,]35 Xlodule

.] 3(_ .\lodule

.1:47 Nlodule

.] 38 hloduh'

,139 hlodulc

,]4t} hlodt, h'

,]41 Module
,142 .Module

,_pacer

111

113

121.

118

120

117

119

115

116

114

129

123

124

127

122

125

126

128

13O

135
133

136

132

131

138

134

137

141

142

152

& 143

151
150

149

148

147

146

145
153

154

155

156

157

158
159

I tit)

168

167.

166

165
164

163
162

161

169

SIC 012 SIC 090

IV SIC 012 C/M 049

IV SIC 012 C/M 049

IV S/C 012 C/M 049

IX' S/C 012 C/M 049

IX' S/C 012 C/M 049

IV S/C 012 C/hi 049

IX' s/c 012 C/M 049

IX" s/c 012 C/M 049

IX' SIC 012 C/M 049

iX' S/C 012 C/M 049

IV S/C 012 C/M 049

IV S/C 012 C/M 049

IX" S/C, 012 C/M 049

IX' S/C 012 C/M 049

IX' S/C 012 C/M 049

IX" S/C 012 G/M 049

IV S/C 012 C/M 049

IV S/C 012 C/M 049

S / C 049
S/C 049

S / C 049

S/C 049

5/C 049

S / C 049

S/C 049
,%/ C 049

IV C:hl 1(16

IV C/M 049

IV C/M O49

IV C/M 049

IV C/M 049

IV C/,M 049

IV S/C 012 C/M 049

IV,S/C 012 C/M 049

IV S/C 012 C/M ',149
IV SIC 012 C/M 049

IX" .";:C 012 C/hi 049

IV S,C 012 C/M 049

IX" S/C 012 C/,M 049

IV 5/(: 012 C/hi 049

IV S/C 012 C/hi 049
l\" S,(: OI2C/M 049

lV S/t: 012 C/M 049

IV E/C 012 ('/M 049

IV SiC 012 C/M 049

IV S/C 012 C/N1 049

IV S/C 012 C/M 049
IV .%,C 012 C, M 049

IV S,,C 012 C, hl 0.19

IV ,";,,C O12 (,;/M 049.

IV SiC 012 ('./M 049

IV S,C 012 (:/M 049
IV S C 012 C hl 04*)
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55O

551

552
553

554

555

556
557

558

559

560

561

562

563
564

565

566

5()7

601

602

(i03

6O4

6O5

(i0(i

(i07

6O8
6O9

(ilO

(ill

612

613
614

615

621

622

623
624

625

626

627

628

(i29

63O

631
632

633

634

635

636
t):17

638

639

(i40

641

642

Spacer.
Screws (SCE Base Plate)

Screws (SCE Base Plate) .
SCE Base Plate

Hardware, Washers & Screws

Ablator Plugs
Hardware, Screw & Washer

Ablator, Astro-Sextant

Seal

Seal

S-Band X-Ponder

SCT Crown (Lower)

Screws (4 ea.)

Screws (3 ca.)
SeT Crown Half

Screws (4 ca.)

Sextant Crown Upper Half

SC'I" Crown, I lalf Lower

:\blator Plugs

Tel c,_cope Cover
Sextant Cox cr

G&N Computer

Screws
Cont roller

Bcx of Controllers

Panel =2
Panel _2 (ttowc)

Panel ,_ 1

l Iardware for Panel _1

I Iand-t fold
I Iardware.for I land-Hold

('onnector ()ctopus Cable
Flight Qual. Recorder

Bolts

Washers

Barrel Nuts
Bolts

Poly Tape
.\blator Panel

Q. Felt
Nutplate Strips

Z Strip
Ablative Panel Inner

Insulation Strip
Washers (34 ca.)

Yaw EC..\

Display I'CA.
.\UX ECA

Roll ECA
Panel 22.

Panel 21

( '.am Locks

MI)P Panel ,-3
llardware for Panel "3

l)&(" Panel --111

170.

176

174

175

178

110

177

I09

181

182

185

192

20O

190

193

202

195
194

201

18.t

183

203

204

Nolle

None

2O7

2O8

210

209

215
216 & 217

219

212

787

801
802

80O

8O3

198

231

23O

221

228

22O
197

222

229

238

243

257

254
249

266

265

269

IV S/C 012 C/M 049

IV S/C 012 C/M 049

IV CIM 049

IV CIM 049

IV elm 090

IV C/M 090
IV C/M 090

IV CIM 090

IV C/M 090
IX* C/M 090

IX' C/M 125

IV C/M 090

IV CIM 090.

IV C/M 090
IV elM 090.

IV C/M 090

IX,' C/M 090

IV C/M 090

IV C/M 090

IV C.'.M 090

IV C/M 090

IV C/M 070

IV C/M 070
P.I. 031

P.I. 031

018

018

019

019
019

019

IX' S/C 012 C/M 130

IV S/C 012 C/M 045

S/C 012 S/C 161

S/C 012 S/C 161
S/C 012 S/C 161

S/C 012 S/C 161
S/C 012 S/C 161

IX," C/M 090

IV C/M 09O

IV elm 09O

IV C/M 090

IV elm 090

IV C/M 090
IV C/M 09O

IV C/M 052

IV C/M 051

IV C/M I)53

IV C/M O55

IV C/M 023

IV C/M O22
IV C/M 055

IX' C/M 015

IX' C/M 015

IX" C/M 002
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643

644

645

646
647

648

649
650

651

652

653

654.

655

656
657

658
659

660

661

662

663

664

665

666
667

668

669

670

671

673

674
675

676
677

678

679

68O
681

682

683
684

685

686

687

688

68o

p ....

(

69O

691

692

693

694

695

696
697

Hardware for Panel #10

D&C Panel 11

Hardware, D&C Panel 11

D&C Panel #16

D&C Panel #15

Hardware, Panel #16

Hardware, Panel #15
Pads

Washer

. Safety Wire
Screws

Washer

Cotter Pin

Nut
Washer

Screw
Bolt

Nut

Washer

Debris

Half Ring

Support

Ring
Seal

Screws, Mount Panel #12
D&C Panel g12

PCM #I
Nut (PCM ¢tl) L.H.

Cold Plate Fuzz

PCM #2

VHF Multiplexer
S-Band Pwr. AMP

Pitch ECA

Main DSKY

Mount Screw for Main DSKY

Shock Washers for Main DSKY

Shock Washer Triang!e Main
DSKY

Cold-Plate Fuzz

"'C" Band

Cold Plate Fuzz

Panel #5

UtlF FM Xmitter

UHF AM Recovery Beacon
UHF AM Rec. Cold Plate Fuzz.

Nut UtIF AM Rec.

Panel #4 FDAI
Cold Plate F uz z

Pre-Modulation Processor

P&C Panel _7

Panel -"6

Door Assy. & Screws
g2 inverter

Bolts Inverter

268
272

271

276

280

.9,75

279

SM 077

SM 076
SM 073
SM O64

SM 065

SM 068

S/M 069

S / M 070

S/M 071
S/M 074

S/M 075

S/ M 078

S/M 083

S / M 066

S/M 079

S/M 080

S/M 081
284
285

287
289

297

290

300

301

310

312
313

315

314.

319

320

321

324

334
325

330

330

340

337

339

345
349

352

S/M 155

C/M IV 353

C/XI 354

IV C/M 002

IV C/M 003

IV C/M 003

IV C/M 010

IV C/M 011

IV C/M 010

IV C/M 011

S/C 012 161

S/C 012 161
S/C 012 161

S/C 012 161

S/C 012 161

S/C 012 161

S/C012 161

S/C 012 161

S/C 012 161

S/C 012 161

S/C 012 161
S/C 012 161-

S/C 012 161

S/C 012 161

S/C 012 161

S/C 012 161

SIC 012 161

C/M 009

C/M 009
IV SIC 012 C/M 047

IV SIC 012 C/M 047
IV S/C 012 C/M 047

IV S/C 012 C/M 048

IV C/M 127
IV C/M 126

IV C/M 054
IV C/M 020

IV C/M 020

IV C/M 020

IV C/M 124

IV C/M 124

IV C/M 124

IV C/M 132
IVC/M 132

IX' C/NI 017

IX' C/M 131

IX' C/M 123

IX" C/M 123

IX' C/M 123

IV C/NI 016.

IX" C/M 016
IX' C/M 138

IX" C/M 013

IX" C/M 014

IV S/M (X)6

IV C/M O85

IV C!M O85
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698

699

700

701

702

703

704

706

716

717
727

728

729

730

731

732

733
734

735

736

737

738

739

74O

741

742
743

744

745

746

747

748
749

75O
751

752

753

754

755

756

757
758

759

760

761

7fi2

7(;3

764

765

766

767

768

769

77O

Panel S/M -4

Cover Assy.

Cover Ass)'.

Cover Assy.

Cover Assy.
Inverter #1
Mount Bolt._

#3 Inverter & Hardware

Splice .BPC
Audio Center

Panel #8 Display
Screws
Debris

Panel 19
Screws

Blank Panel #17

Mount Screws Panel #17
Hand Hold

Panel #18
Screws Panel #18

Debris

Burued Paper
D&C Panel #20

Panel #20 Screws
AC Control Box

AC Control Box Mount Bolt

AC Cont. Unit Nut Plate Bracket

Separation Monitors
Debris
Debris

Debris

Debris

Biomed. Ext. Cable

Physio Simulator

Battery, Charger & hardware
Motor Switch C14-56
Motor Switch C14-53

Motor Switch & Hardware C14-52

Cable Clamps
Screws

NAV DSKY

Screws

Eye Piece (Unit 103) Stowage Compt.
G&N Indicator Panel 105

Mounting Bolts for G&N Panel 105

K 'B Assy. Insul. Rotation Cont.

PSA Tray #9
PSA Tray _I0

PSA Tray #2

PSA Tray gl.
PSA Tray _4

PSA Tray _t3

PSA Tray _5

PS.\ "Fray =6

S/M 170.

S/M 165

S/M 167

S/M 164
S/M 166

C/M 355

C/M 355

357 & 358

359

363
375

371

372

373

375

376

377
380

378

379

S/M 146

See Note on Q11 Tag
390

389
395

396

394
154

171

172

174

173
244

244
397

402

404

403

400

401

422 ..
423

C/M 425

C/M IX' 427

C/M 428

430

429

432
431.

434

433

435

436

IX"

IV

IX'

IV

IV

IV

............ IX'
IX'

IX"

IV S/M 006
IV S/M 006

IV S/M 006

IV S/M 006

IV S/M 006

IV C/M 085

IV C/M 085

IV CIM 085

IV C/M 050

IV C/M 144 ,

IV S/C 012
IV S/C 012 012

IV S/C 012, 012

iV S/C 012 07
IV S/C 012 07

IV S/C 012 C/M 139

IV C/M 139

IV C/M 005 _

IV C/M 005
IV C/M 005

IV S/M 004

See Note on Qll Tag
IV C/M 008
IX' C/M 008

IV C/M 135

IV C/M 135

IV C/M 135

S/M IV 008

IX' S/M 008

IV S/M 008

IV S/M 008
IV S/M 008
IV 018

IV 018

133

134

134

134

134

134

C/M 092

C/M 093

S/C 012 C/M 093

IX" S/C 012 C/M 094

IV S/C 012 C/M 094

C/M 049 C/A

IX' C/M 103
IX' C/M 104

IX' C/M 102

IX" C/M 101

IX' C/M 096

IX" C/M 095

IX" C/M 097

IX'C/M O98

D,4-56



(. -

!:

771

772.
773

774
775

776

777

778

779
78O

781

782

783

784

785

786

798

799

8OO

801

81)2

8113

804

8O5

81)6

8O7

8O8

8O9
810

811

812
813 .

814

815

816

817

818

819

82O

821
822

823

824

PSA Tray #7

PSA Tray #8
CDU #I

CDU #2

CDU #3

CDU #4

CDU #5

Signal Conditioner
Panel 101 & Hardware

Rate Gyro

Gyro Attitude

Master. Event Seq. Cont.

Master Event Seq. Cont.
Debris

Piece of Glass

Panel 150 Conn. Mount Screws

"'C" Band Antenna

Panel C/M 5

Clamps

Clamp

Clamps
Cushion

Clamps

Clamp

Clamp
Clamp
Life Preserver

Screws
Screws

Screws

Screws

String Tie

Clamp

Clamp
Unidentified Material

Clamp

Teflon Wrapping
Screw C/M 6

Clamp Set
Metal Bead
Screws.

Rod

T,'B Cover

437

438

439

439

439

439

439

444

446

448

449

405

413
2O4

202
460

461
463

485

492
469

495

488

490

482
483

473

47O

489

486

487

494
491

493

478

484

471
47O

456

465

455

472

481

IV C/M 099

IV C/M 100

IV C/M 112

IV C/M 112

IV C/M 112

IV C/M 112

IV C/M 112

IV C/M 119

IV C/M 113

IV C/M 056

IV C/M 057

IV C/M 062
063

IV S/M 005

IV S/M 005

IV CJM 149

IV C/M 121

IV C/M 121
IV C/M 174

IV C/M 174

IV C/M 174

IV C/M 174

IV C/M 174

IV C/M 174
IV C/M 174

IV C/M 174

IV C/M 174

IX" C/M 174

IV C/M 174

IV C/M 174
IV C/M 174

IV C/M 174

IX.' C/M 174

IV C/M 174
IX,' C/M 174

IX" C/M 174

IV C/M 174

IX" C/M 121
IV C/M 121

IV C/M 171
IV C/M 171

IX" C/M 121
IX,' C, M 17'4
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141i7

14t_

8(iq

,_71 -

872

t47:L

1474

875

1471_

1477

878

Patwl 150 String Tic

Srrcm C ,%1,18

Felt

t ;. Fch

,_lotlxlLitl_ ._1,"L'C W,%

Nhmul Screws

Panel 150 I'TI'O ll,:t (" II

:\dhesi_'c

Sanxplc Botttc

Stmvagc [+)o{_r V,ictnmi Ch'an

P,mcl 21)!

l',Itit'[ _,_)2 Vb,t+tt' %|,|U,I_PfllPflt

Scrcsss h." l'nl. 202

BoLts, Lh'at ShicLd

st'isstll's & ._uit I')ebi'is

Stiit i 'lcbri,,

t :,t.st" - _tm t ;lasses

I )OSillXCl Cl"

N|oltcu Nh'tat

Xh+hctx Mct,d & Wh'c

Xtohcu .Mctat

._ tel,it

Xh'tal

"l'ubiug

t :lamps

._,+,bt ._.to_ | ltStt[,t|iOlt

PlCl col l"lht'[14|,ls'-

I II.'l lll.l',', ! al"'

_ l"ch
RV tLddc t:lamp

.18]" .Mtiuutiu_ I I,u'd_v,u'c
.\l" I" IIf,lt _hu'hl

( :,lllh' t '.l.ulqv,

I :.lhh' i't.lx

l+olts tur t'.,ll_h' Tr,lx

Bolls hw (:.lhh" l'r,l,,

."4,1nildc.s !+ ! ! ( :roy, t :ouch

!. I! Foot Rcst

_,ih'lx %% ir<"

I,.ihlc li,i_ \',._.. _tliilhllaid _,ii_'

\ii Ihfili_¢i & I:,ihh" i'r,l_

I_.ihh" |'i',iv & ! I,u't|'+,v,ilT

Ill'ill'f+ trOlll ,iho_,T (:,lhh" l'r,lx

I n_lil,lt ion ( :.Mtl

I It',it _llik

IIo11_ i h',ll _iiik .Nllltiiililil4

%%'irt" l'_vislcd Pair

Roll l:ill4hll' t ?i%'

I';lUel & l'hiFinr II_dl I't'W

476

499

498

505

50O

496

5O4

502

503

tllii

5',i I

5:ill

526

5:i2

525

535

5:1.1

527

528

52.q

524

523

544

5.tl

5:1:l

55:1

:l:ll

,+'_I it

.rllill

"llil

5lltl

411"_

4ll5

:'l( i-|, _'ltll'i, ."tilt I

FiF_ti,Siili.Pl:lS,Sit7

F1H(_,5ti'_

t' %1 5(i5

P'_TII,57 l, _72

57i4

577

5ll7.

-|llll

IV C;,M l.tt.'l

IV C,M 12t

IV C, NI 12t

IV t', ,%1121

IV C .%1L45

IV t: 'M 145

IV C I%1 149

kl:\ 008

S,,C 017

IV C, ,%1145

IV C '.%l 145

IV t: .%! 1-15

IV C .%L1-t5

IV C .'%1tl!):t

IV C,,%i bIT

IV t: .%1 FIT

IV t: M i.t?

IV (:..'%1 147

IV t: .%1 147

IV t: ,%11.t7

IV C. ,M L47

IV t: .%1 147

IV C .%1 1.17

IV (:. %1 147

i%" t:, M L-t7

1%' (: .%! 1-17

I%" C'..%1 l.t7

I%" i: M 0.I:1

IV t:-XI 0.1:t

IV (', .%1043

L%' t: ,%10.I:1

IV t: ,%l 121

IV t: Nl 121

IV (: M 121

1%' <,: NI 043

IV (: .%1 12L

IV C.,%1 121

IV t: .%! 1'-'1

1%" t: .%! 121

t '. ,%1 .%!.\ 007

l\" t: .%,!Ill,2

1%' ('. M 121

IV (1 NI 121

IV t; .M 12l

IV (: M 121

IV t: .%1 140

IV t:..%l I.ltl

IV (: .M .I.I0

IV t: ,%! i7£'l

I% t: ,%1 l.lll

It" t: NI 121
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8t9

88O

881

882

883

884

885

886.

887

888

889

89O

8'.-tl

892
8.93

894

895

896

897

898

899

9O0

9OI

902

9O3

904

9O5

90('i

9O7

9O8
9O9

910

911
912

91:4
l.)I4

,qI5

916

917

918

919

92O
921

!)22

923

924

92:')
92()

927

928

929

9:40

9:41

l)encil, Debris Red Nlatl.

Q. Felt
Bolts

Q. Feh
Cabh' Tray &"itard_vare

¢ :al)lc Tray & 11ardware

Cal,lc Tray & t lardware

Cable Tray

Q. t,'eh
Bkmkct CCW Engine

1.qattket CW l:ngine
IIeat Sirtk

l':ngtne Bohs
| lardwarc

Bolts
Bkmket ""A'"

Blanket "'B'"

l'anel & Engine CW Roll

Q. i"eh

Engine, Yaw System "'B'"

l"nginc, Yaw System "'.V"

l.'ngine C.CW
Bolts

Cable Tray & 1lardware

Q. l:eh
(:ablc 'fray & I tardware
Blanket & _ Yaw

Bkmkct & ) _a_

!lardware

.'NUts & \\'ashers

i'lt.Rille t P|i(h ,%y_t('nt A

I(ngiue i Pitch Syslcm B

l']nginc t YaW Syste|n .\

l".nginc t _ a',_' Svstt'm B
Protective Cover "Pitch"

Bt)lt,,, & _Utshm.,,

Steam l)ucl

Dcl)ris

+ Pitch l"ugine Blankets

R(:S Cont. Box C19.\1
:,icrcws & Vfashers

Air \'cut
\Vasher

Nuts.

\_'asht'r

R(:."i (.:ont. Box

R(:S .Motor S\%" :\ssy.

(:lamps& Screws
! )eln'is

• l'itch l':ngim_ A&B and Mounting

.%trtlct

Mortaring llardware - Pitch

lnsulatiotl & Bl,mkcl

( ;,fl)le ( :lamp

603

601

579

584

605

602

598,600
595

584

606

611

583
614

599

613

592

593

616, 477

594
590

591

(i15

589

6O4

584
617

6:._,1

628
637

547, 548

644

645
635

634

646

643

549

549

638

673
')74

672

65(,)

(i58, (i70

671 -

(i{i9

(i97

711, 712

721
7211

627 .

715

C/M 073

IV C/M 121

IV C/M 140

IV C/M 043

IV C/M 121

IX' C/M 121

IV C/M 121

IV C/M 121
IV C/M 043

IV C/M 140

IV C/M 140

I\7 C/M 140
IX" C/M 140

IV C/M 121
IV C/M 140

IX" C/M 140

I%' C/M 140

IV CIM 140

IV C/M O43

IV C/M 140

IV C/M 140

IV C/M 140

IV CIM 589

IV C/M 121
IV C/M 140

IV C/M 121

IX" CIM 140

IV C/M 140

IX" CiM 140

IV C/M 121
IV CIM 140

IX" C/M 140

IX" C/M 140

IX" C/M 140

IV C/M 140
IX" C/,M 140

IV C,M 121

IV C/M 121

IV C/M 140
IX" (:,'NI 067

IV C/Xl 067

IV C, N1 121

lV (:Xl 121

IV C Xl 121

IX" (:_,kl 121

1\: C, NI 068

IV (', ,M 0(i9
IV C,M (169

IV C M 0(0

IX" C, Xl 140

IV (:/,M 140

IV (:!,M liO

1%"C,.NI 121
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i

932

933

934

935

936

9',57

938

939

940

941

942

943

944

945.

946
947 "

948

94.9

950

951

952

953
954

955

956

957

958

959

9(i0

961

962

._)(i3

+)(_4

9(i5
9(i(i

9(i7

9(i8

._)(i9

97O

971
.q72

97:_

975

Ih'()

977

978
979

98O

982
983

984

985

.qllb

Bracket, 754

Screws 753

Screws for RCS ('ont. Box 670
Screws for 112i1 Water Panel 4,92.

Water Glycol ""
Washers, Bolt, 5pacer 750, 751,752

Nut Plate A_sy. 741

Bohs Stringer _5 732
C/C 1feat Sl_ield 742

Q. Fch 648
Cobra Cable .................................... 762
Wire 767

1lardwarc 764 thru 766

I lardware' 710, 7115, 71.t

Bonding ,Jumpcrs 761
(]otter Pins 671i

Bohs 624

Debris 760

Ilardwarc and Mounting 726

Washers 621i

Safety Wire t'mbilicaI 763
Spacer 625

Scanning Telescope 768

Optics Shroud A_y. 770

Screws Optics Mount 769
l)&C: Panel (;&N 771

Screws l)&t: Mount 773

Samples
Soot Salllplt's

Soot Sample
Ring 1'hcnolic 783

Ring Teflon 782
Ring Phenolic 784
,%t'al "l'cfl()ll Sxl. 781

Bolts 7.91

Nay. Base ( )pries Assy. 7D5.
1Mr' 780

Bolts 785

Bohs w, v,'ashcm 796

(IOlltrol l'h'c. :\ss.v. 7-t)0
1.:.';BI'; Front l',uwl 814

(_ Surge T,tnk 812
0 2 X',dvc ,Xssy. 804
1 lardware _urgc Tank 814

()utlet 1.inc Sl|rgt" Tank 800

,_tll'gr Tank l S() \';dvc lnlt't 1.int" 7,_}._1
Bolts 807.

Tube Assy 816.

()2 Rclief Valvr 808-
Water tilycol X_,tlvt's 8:_4 .

1 [;md (-',otltrt._t'cr (ial)lc 8:{'.1

"l'ct' ( Ati/q)tcr_ 8:_0
XT,dvc. 82(i

(:ol)r,t ( :abh" 832

IV C/M 121

IX' C/M 121

IX' C/M 068

S/C 012 065

IV C/M 121

IX' C/M 121

IV C/M 121

IX' C/M 121

IX,' C/M 121

IX' C/M 121

C/M C/A 065

IV C/M 179

IX' ElM 179

IX" C/M 121
IX"

IV

IX'

IX'

IX'

IX'
IX'

IX'

IX' C/M 151

IX' C/M 111

IX'C/NI 111

IX" C/M 118

IX" C/M 118

C/M 121
C/M 121

(:/M 121

C/M 121

C/M 121

C/M 121
C/M 121

C/M 121

IX' (:/M 099

MA C/M .008
N IA C / N1 008

IX" C/M 176

IX" C/M i7(i

IV (:/M 176

IX" (:/M 17(i

IV (:/M 12(i
IV C/M 176

IX" (';M 176

IX" (_/M 17(i .
IV ('/Ni 17(i

I\" (:: ,Xl 176

I\" C:/Xl 1(i8

,%.(: 012 S/C 095

_,(: 012 1V (:/,M 153

IV ElM 153

IV (:/M 153

1V (';M 1511
IV ('/M 1511

I\" C.,M 153

I\." (:/M 15'3

IX" (:, M 153
I\7 C:,"M 122

IX" (:,'M 122

IX" C M 153

1\" (: M 122
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L
L

987 Cobra Cable

988 Cobra Cable

989 Nltg. Brkt. llardware
990 CMC "'Y" Wire Assy

991 Press-Xducer 02 Surge "l'ank

992 Box Assorted Items

993 l')anel 316 C23Z2

994 I land (l.ong) I lold :Xssy

995 Short t land l[old Assy

996 I.M Ret. Cont..Mount

997 G&N Eye Relief

998 l.oop Clamp G&N-
999 Screws Panel 31(i

1000 Bracket & l lardwm'c

I001 Wire I larness Cover

101)2 i'1 ,SC
1003 i:.I.S C

1004 Shim. Toe (;ap

1005 5c rew
1006 Screw & Nuts

I007 PSA Toe Plate

1008 Thermal Interface Mat'l.

1009 Wire Covering

I011) Screws

lt)l I Co,mectors w Screws

11)12 Clamps & llardwar¢

1013 CI)V Franw .\ssy

I014 St ringers
| 01 _) l),"¢):X & CotlIl¢ct(.)r :\ssy

1016 Panel 209 Invert Sync

1017 Bracket for Panel 209 Invert Sync

1018 Screws Panel 209 Mount

1019 Panel 208 Invert Sync Box

1020 Screws Panel 208 .\|otltlt
1021 Plate Beh)w Frame R, I! Side

1022 Panel 21)3 & llardwart"

102'3 .\ttctmator Pa,wl

1024 :\tten. Panel .Mtg. ,',icre_vs

1025 Relay Box (X'I)I.)
1026 P('\'I_& llardwau'e

11)27 lh'at Shh'ld .Sample
1028 Aft lie;It ,_hi¢ld ,_ample

I0'-_.) TV C,unera

11)30 Wire t larness
10'31 I')SI'.\ Voice '['ape Recorder

1032 l"ilm Xlagazine 16 mm

10',))3. Patrol 1O0
Ilt'.)).t. .%ct'e,)v for l)nl 11)0

10'35 (.;uard Plate ..Xss.v

I 1)'3(I Panel 21)0

1037 t l:u:d_vare fin: l'nl 200

10:t8 . (;uard lq.ltt" .\ssv
1039 (:I.I.X8 Phase (:otrt'tttllg Box

l |)4() _('I't'_V_ ( ( ] 1 "_ .XS) .

829

831

828

839

809.

842

843

844
846

845

817"

840

822

824

866

861
884

88O

881

883

847

852

879

879

885
i¢,.)

873

886

9O4

887

9O3

9O2

91 I)
905 & 907

908

909

913

918

9:_1)

928

931

,q3.1

933

480

936
.t)34

941

.t)41)

.q37, 9.13, 942

947

,q-Hi,

944

IV elm 122

IX' C/M.122

IX' C/M 153

IX" C/M 193

IV C,,M 153

Pl 047

IV ('/,Xl 107

IV elm O84

IV Ci,M O84
IX" C/M 084

IX" C/M 084

IX" CIM 180

IX" C/M I07
iV C,'.M 192

IV CiXl 192

IV C/M 064

I X" C 1M 065

IX" C,/M 120

iX" C_ ,M 120
IV ('/M 120

IX" C/M 1')0

IV C/Xl 120

IX' C/M 192

IV C,'M 180

IX" C, ,M 180

IX" C,'M 120 -

IX" C/M 180
IV C, M 121

IX" C, NI 181)

IX" C/M 183

IX" C/M 183
IV C/Xl 183

IX" C;M 184

IV C, Xl 184

IV C, Xl 179

I X" C, ,XI 169
IX" C,'M 169

IX" (1 Xl I(i9

IV (2, Xl 198

IV C, Xl 066

IX" C Xl 191

IX' C, M 191

IV C r_1082

IV C:,NI 081

IX" C Xl 1)81
t: M M.X I)13

IX" C, M 027
IV C Xl 027

I \" C, .X1 026

IV C Xl 02()

IV C, M t)26

IV.C, Nl 182
IV 11 ,Xl 182

IV (: Xl 11_2
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11141

1042

1043

1044

1045

1046

1047

1048

ltU9
105o

1051

I052

1053

1054
1055

1o56

11157

1058

I1t59

106o

1061

11162
1063

1064

1065

11167

1068

It169

111711

1071
1072

1073

11)74

11175

I O76

1077

11178

1079

1080

1081

1082

1083
1118.i

IOW_

11186

11187

11188

1089

! 11911

11)¢)1
11192

10q;I
109 !

Fuse Box

Fusc Box Bolts & Tee Bracket

Fuse 1 x Mtg. Bolts
R.tI. Control Unit Anti Rotational

Casing
Control l,Ovel Knobs

Anti Rotational Casing

Cabin Press Control l.ever SUl_l)Orl
Cabin Press Cmurol Unit

R.I I. Control :\ssy
RIV ('abill Press
2 Brkts. Cover

Scrc-ws

Mtg. 1ldwr.
Mtg. Screws

j 185 Plug
1 lardware

I larncs's Brkts.

Sleep .\dapter

Sleep Adapter

CWG .\dapter Cable

CWG .\daptcr Cable
1).C. Pwr. Control Box

Screws for I). C. Pwr.

C14A13 Cont. Box Upright(rig
Screws h)r C1.1.\1'3 Mount

I latch Tool

Vacuum Cleaner Assy
l,ouvcr Cal)in Air Valve

Xduccr Front Cabin Air Valve I,ouvcr

Suit I Iosc Connector

Suit 1 lose (2onncctor

t h'at l'xchanger
Screws

Suit llost Contr.
(:ontr. I hhvrc.

.\cct_s l',mcl

Utilization Panel

(:lamp & ilardware
H¢)ltt't t'Olltl}

(:abin lh'cs's Xduccr

Nt're_,,, s ( :ol)r,I ( :ahle

Xthtcer Cal)in "l'emt)
(:Iostn'e Valve

.\ml)lifirr Xduccr Cabin Temp.
I:ans (:al,in .kit

( kd)in "l'cnq). (ion( roller

Xduccr (:;thin "l'¢tnp.
l)cbri_

I',mcl .=I:_

l'ancl 13 llardw.tr("

Panel 23 I I.mhvarr

P.mrl 2._

l'.mcl 20

949

952
948

958

954

953

955

956

957

960

927

920

925

926
9(il & 962

964

965

98'3

984
986

985

981
980

t190

989

111112

991

IO01

1003
111114

!OO4

1010

loll

1016

I016

I t122
lO18

1021

9!19

1111111

1023

1l)21s

I013

1025

11112

11124
11125

111'.14

I(133

II):V)

10"18

1o-12

IV

IX'

IX'

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

iV

IV.

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

IV

iV

IV

IV

IV

IV

IV

IV

IV

IV

IV

I\"

IV

IV

IV

IV

IV

IV

IV

IV

C M 185

(" 'M 185

C M 185

C/M 188

C/M 188

CiM 188

C/M 188
C/M 188

CIM 188

CIM 188

C/M 175

C,/NI 175

C/M 175

C/M 175
(2,,'_ I 179

C/M 179

C,'.M 179

C,'M 116
C/M 116

C;' M 116

C/M 116

C Xl !9.">

C,,\I 195

C M 194
C:M 19.1

t:. M (172

C, NI 078

C/M 189

C. Xl 189

(i M 189
(1, M 189

C, Xl 189

C. Xl 192
c, Xl 189

C M 189

C Xl 18,t)

C Xl 181

C M 181

C Xl 191

C Xl 189
(: Xl Ig9

¢: Xl 189

C Xl 1119

C, .M 189
t: Xl 189

(: .M 189

( : M 18!)

(:M 189

(: Xl (X)4

(: ,M t12i

t: M 021

(: Xl 1124
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L

1o95
1o96

1097

1098
1099

1100

llOl

1102
11o3

1104

1105

1106

1107

1108

1109

111o

1111

1112

1113
1114

1115

1116

1117

1118

1119

1121)

1121

1122

112'.4

1124
1125

I 121i

1127

1128

1129

1131)

1131

1132

! 1143

11144
11 '.45

1131i

1137

! 1:$8

1139

114tl
1141

1142

I 143

1144
!145

! 14h

I 1 t7

Panel 26 ltardware

Meg. Brkt. C151A52

Cable Clamp
Motor SW Panel CI4A3

Helmet Bag

Helmet Bag

tlelmet Bag
Close-Out Panel

Potable _,_'ater Asgy.
LEB Hardware

Hardware Data Tray
Access Panel 206

1/4 "'Snap On'" Socket
LEB ttardware & Brackets

Wire ttarness Wrap

Clamps
Xducer .XIount t Iardwarc

Press Xducer

Press Xduccr

Press Xducet

Signa[ Cond,
Pwr. Dist. Box

Hardware Bolts & Nuts Washers
l_vr. Dist. Box
Acc elerot_'ter

Accclctometcr

Panel 2114

Sig. Conditioner
:if f el el'otllc tot

Sig. Conditioner

Sig. Conditioner
Current l.imitcr

Current l,imitcr
Currcnt t.imitcr I Iardwarc

Washer

1 lardware Clamps Brackets
! lardware

I lardware

Elect. Cable Wrapping
Check Valve

Relief Valve
Shut-Off Valve

IV :G l.ine Insulation

,_hut-Off Valve 2.28I)E

Relief Valve 22AB

Water Glycol Sample

Water (;lycol ._atnple

Temp.._ensor
( :heck Valve 22.1

._. "I'XY t;anister

._towage (:anister
TV Flex _,:oil (:ord

Drhri_

1039

1043

1044

1045
1047

1046
lO48
1049

1053

1057
1058

1059

1063
1062

1064

1065
1068 & 1069

I070

IO68

I069

I067

1083

1084

1080
1089

1090

1094

1072

I092

1075

lOT1

I086

1087

1088

1103

1102

1114

1111, 1112. 1113.

lllb

1126

1128
11o7

11t18
1129

1119

II18.

11211

I 130

I I10

1109

1132

1134

I l '.47
11:41_

IX" C/M 024

IV C/M 205
IV C/M 205

IX' C/M 205
IV C/M 080

IV C/M 080

IX' C/M 080

IV C/M 001

IV C/M (X)I

- IV G/M 179

IV C/M 192

IV C/M 206

IX" G/M 192

IV C/M 192
IV C/M 192

IX' C/M 192

IX' C/M 201
IX" CiM 201

IV C/M 201

IV C/M 201

IV C/M 201

IX" C/M 187

IX" C/M 187

IX" C/M 187

IX" C/M 202

IX" C/M 202
IV C/M 202

IX" C/M 202

IX" C/M 202

IV C/M 202

IX" C/M 202
IV C 'M 186

IV C/M 186

IV C/M 186

IX" C/M 192

IX" C/M 192

IX" C,'M 038

IX"C/M 038

IV C:M 192

IV C/M 038

IX'C/M 038

IX"C/M 1)38

IX" C/M O38

IX" C/M O38

IX"C/M O38

IV C/M 038

IX" C/M 038

IX" C/M 038
IV C, .M I)38

IV C;M O73

IX"C/M 073
iX" C M 2ira

IX" ¢.:, M 1173
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1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159
1160

1161

1162

1163

1164

1165
I166

1167

I168

1169

1170

1171

1172

1173

1174

1175

1176
1177

1178

1179

1180

1181

1182

I183

1184

1185
1186

I187
I188

1189

11911
I191

I192

1193

1194

1195

I196

1197

I198

121_}

1201

Debris .

COAS
COAS Bulb

Hardware Cover S & T
Hardware Canister

Clamps & Screws

Storage Box
Shelf, Vacuum Cleaner

SOS J Box
Knobs Cont. WMS Panel

Panel & Hardware WMS

Panel & Hardware WMS

Vert. Angle & Hardware
Horiz. "T" & Hardware

Back-Up X'alve

Back-Up X'alve
UDL Line

Line, Fr. WMS Sel. Valve

Valve Selector W,MS

Line Assy
Valve Check

Clamp

Line Assy

Line Assy Waste Man.

Blower Waste Management

Urine Dump Lock
Check Valve

Check Valve

ECU P-33 Connector

ECU P-34 Connector

Events Conditioner
Canister Med. Science

Events Conditioner I lardware

Bolts for J-80 J Box
RF Coax S_itch

ttardware for RF Coax Switch

Dust Cap and Tape
Sample W/G

Sample W, G
Debris

Debris
Debris

Debris
Debris

Debris

Debris

Debris

Debris

Debris ,

Debris

Debris

Debris

Debris

l)ebris

1138
1136

1135

1131

1138

1140
1141

1099
1148

1149

1150

1151

1142.

1143

1154

1157
1158

1160

I161

1162

1164

1165

1174

1171

1170

1163

1172
1173

1177

1178

1179

1185

1180

1182
1186

1188

1204

1294

1294

1226 ..

1224

1223

1225

1229

1222
1231)

1231

1219

1232

1227

1228

1221 ............

1220

1234

IV C/M 073

IV C/M 073

IV C/M 073

IV C/M O73
IX.' C/M 073

IX' C/M 209
IV C/M 200

IV C/M 200
CA C/M 231

IV C/M 200

IV C/M 200
IX,' C/M 200

IX' C/M 200

IX,' C/M 200

IV C/M 200

IX," C/M 21)0

IX'C/M 200

IX,' C/M 20O
IX,' C/M 200

IV C/M 200

IX,' C/M 200

IX' C/M 200

IX" C/M 2O0

IX.' C/M 200

IX." C/M 21)0

IX' C/M 200

IX." C/M 200
IX" C/M 2O0

IX.' C/M 21)9
IX.' C/ M 209

IV C/M 117

IV C/M 117

IX" C/,M 117

IX." C/M 117

IX' C/M 203

IV C/M 2113

IV C!M 162
IX"C/M 21)7

IV C/M 21)7

IX" C/M 211

IX" C/M 211

IX" C/M,211

IV C/M 211

IX" C/M 211

IX" C/M 211
IV (:/M 211

IX,. C/M 211

IX" C/M 211

IV C/M 211

IX" C/M 211

1V C/M 211

IX" C/M 211

IX" C/M 211

IX" C 'M 211

D.4.64



1202

1203

1204

1205

I206

1207

1208

1209

1210-

1211

1212

1213
1214

1215

1216

1217

1218

1219

1220

1221

1222

1223
1224

1225

1226

1227

1228

1229

1230

1231
1232

1233
1234
1235

1236

1237

1238

1239

1240

1241

1242
1243

1244

1245

1246

1247

1248

1249

125(I

1251

1252

1253 .

12M

1255

Debris

Debris

RF Conn. Loc. Clamps
C at_d W Detection Unit

Hardware for C and W Detection Unit

Access Panel

J 11 Brkt. Hardware

J9 Brkt. Hardware

Sample _1

Sampe _2

Sample #3 •

Sample #4
Dye Marker

Dye Marker Swimmer
End Cap Dye ,Marker

Circuit Interrupter

Circuit Interrupter

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample

Tube Sample
Tube Sample

Tube Sample

Brkt. Bundle Clamp
Line End ""A"

Brkt. Assy. & Hardware

Tubing End "'B"

Tubing H20 Waste Tank
Tube End "'C"

Tube End "'D'"

Bracket

Clamp Section
Itdwre. & Clamos

Tc[lon &"Spot Tie

Food Compt. "'A'"
Wire from C28 AR173

G & N l.oose Equipment
Test Panel

Door Scientific D

Panel

Door, Assembly RHEB •

Door, .\ssembly RHEB.

Door, .\ssembly RHEB.

l)oor, Assembly RttEB
E('S Restrictor Assembly

Filter Assembly

Filter Assembly
Check Valve

Check Valve

IAne Assembly
IAne ,,\ssetnbly

1233

1236

1237

1238

1203

12.39

1241

1240

1242

1247

1243
1249

1248

1250

1251

1252

1253

1254

1255

1256
1257

1258

1259

1264

1268

1265

1269

1266
1267

1270
1261.

1263

1262

1271

1272

1276

1277

1275

1278
1281

128O
1279

1282
1291

1292

1293

1294

1295

1L._96

129_

IV C/M 211 •
IV C/M 211

IV C/M 2O3_

IV C/M 006

IV C/M 006

IV c/M 006

IV C/M 006

IV C/M O06

MA C/M 026

M A C / M 026

MA C/M 026

MA C/M 026

IV C/M 112

IV C/M 112

IV C/M 112

IV C/'hl 152

IV C/M 152

IV C/M 190
IX' C/M 190

IV C/M 190

IX" C/M 190

IV C/M 19(I

IV C/M 190

IV C/M 19(I

IV C/M 190

IV C/M 19(/

IV C/M 192

IV C/M 190

IV C/M 190
IV C/M 190

IV C/M 190
IV C/M 190

IV C/M 190

IV C/M 179

IV C/,M 192

IV C/M 192

IV C/M 192

IV C/M 1(15
IV .C/M 179

IV C/M 115

IX' C/M 115
IV C/M 115

IV C/M 115

iV C/M 141

IV C/M 141.

IV C/\I 141

IV C/M 141
IV C/M 08(i

IV C/M 086

IV C/M 086

IV C/M 1186

IV C/M (186 •
IV C/M 086

IV C/M O86
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1256

1257

1258

1259

1260

1261

Line Assembly

Line Assembly

Clamp
Hardware
02 Line

Oxygen Restrictor Assembly

1298.

1299

1300

1301

1302

1303

IV C/M 086

IV C/M 086
IV C/M 086

IV C/M 086

IV C/M 086
IV C/M 086
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